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Core factors promoting a continuum of care for maternal, 
newborn, and child health in Japan

Hidechika Akashi1,*, Miwa Ishioka1, Akiko Hagiwara2, Rumiko Akashi3, Yasuyo Osanai4

1 Bureau of International Health Cooperation, National Center for Global Health and Medicine (NCGM), Tokyo, Japan;
2 Human Development Department, Japan International Cooperation Agency (JICA), Tokyo, Japan;
3 Faculty of Sociology and Social Work, Meiji Gakuin University, Tokyo, Japan;
4 Nursing Department, National Center for Global Health and Medicine, Tokyo, Japan.

1. Introduction

Providing a continuum of care (CoC) for maternal, 
newborn, and child health (MNCH) helps to improve 
the health status of mothers and children (1). However, 
the strategies suggested to achieve this, such as 
obstetric care, caring for sick children, antenatal care 
(ANC), postnatal care (PNC), and children's healthcare 

services, can often be fragmented. Japan's CoC for 
MNCH seems to be good, as evidenced by very low 
current maternal and infant mortality rates (2,3), and 
integrated services are provided nationwide. At the core 
of the current system are the Maternal and Child Health 
(MCH) Handbook and the registration of pregnant 
women with local governments. In addition, we have 
highly skilled childbirth attendants, high delivery rates 
at healthcare facilities, and a high literacy rate (4,5). It 
is unclear, however, exactly how the MNCH service 
provision system is working to keep the maternal and 
infant mortality rates so low.
	 Previous research has tended to focus on use of the 
MCH Handbook and its influence on service users and 
medical service providers. In this article, we attempt 
to clarify how CoC and low mortality rates are being 

Summary Providing a continuum of care (CoC) is important strategy for improving maternal, newborn, 
and child health (MNCH). Japan's current very low maternal and infant mortality rates 
suggest that its CoC for MNCH is good. In this paper, we attempt to clarify how CoC and 
low mortality rates are being maintained in Japan, by examining the entire MNCH service 
provision system. First, we examine two important tools for integrated service provision, the 
Maternal and Child Health (MCH) Handbook and registration of pregnant women with local 
governments, both introduced in 1942. Second, we explore the incentives provided by the 
MNCH system that prompt actors to participate in it. The three actors identified are service 
users (e.g., mothers and babies), medical professionals, and local governments. Through 
system design, all three actors benefit in ways that incentivize them to use MNCH services, 
which consequently connects service users with resources: all service users regardless of 
financial status, nationality, and location can receive free MNCH services such as antenatal 
care, assistance with childbirth, postnatal care, and immunizations; using the handbook, 
service users obtain health information, and medical professionals obtain the health records 
of pregnant women and their children as well as access examination fees from the local 
government by submitting vouchers in the handbook; local governments can then identify 
pregnant women for follow-up and provide health information and administrative services. 
As a result, the coverage rate of the MCH Handbook has reached 100% and MNCH services 
coverage could potentially reach the same level.

Keywords: Maternal and Child Health Handbook, maternal, newborn, and child health, 
continuum of care, registration of pregnant women, universal health coverage
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maintained in Japan, by examining the role of several 
factors in the entire MNCH system: the core use of 
the MCH Handbook, registration of pregnant women, 
and the incentives provided by the integrated system 
that prompt all actors to participate in it. We start by 
summarizing how the current system developed and 
then examine the role of each factor in Japan's CoC, 
compare some aspects of the system with those of 
other countries, and highlight aspects that might be 
beneficial for other countries to consider in their efforts 
to improve CoC for MNCH.

2. History of Japan's current MNCH system

The Maternal and Child Health (MCH) Handbook is 
considered an important tool in Japan's MNCH service 
provision today (4,6), helping to keep infant mortality 
low (4). Its prototype was the Maternal Health (MH) 
Handbook for expectant and nursing mothers that 
was introduced in 1942 with the goal of producing 
healthy soldiers to fight in World War II (7-9). For the 
government to identify pregnant women and provide 
them additional resources to keep them healthy, each 
pregnant woman received an MH Handbook and by 
law had to register with the government. The handbook 
containing vouchers for commodities, such as rice, 
clothes, and sugar, incentivizing mothers to use the 
handbook (7-10). The coverage rate of this handbook 
(number of registered pregnant women compared 
with number of live births) was about 70% (9). After 
the war, the handbook was expanded to include more 
child healthcare records and information, and led to the 
issuance of the Maternal and Child (MC) Handbook 
in 1948 (7,11). With one MC Handbook provided for 
each baby (rather than for each mother) and mandatory 
registration of pregnant women (11,12), coverage 
grew to exceed 100% (11). In 1965, this handbook 
was renamed the Maternal and Child Health (MCH) 
Handbook; one handbook was still provided for each 
baby, but registration became "recommended" rather 
than mandatory (11,13,14). This handbook and the 
recommended registration procedure remain at the core 
of today's MNCH system.
	 The main contents of the MCH Handbook are 
standardized and updated by the Ministry of Health, 
Labour and Welfare, and municipalities can add 
contents they deem necessary. The handbook contents 
are described in detail elsewhere (6) but include parents' 
name and address, a birth certificate form, previous 
health condition, records of ANC, child birth, PNC, 
motherhood classes, child health and development 
check-ups (birth to 6 years), and immunization and a 
child growth curve (15). This standardization helps 
avoid i) confusion between healthcare providers and 
mothers, ii) fragmentation of records into different 
MNCH stages (e.g., handbooks for mothers and 
handbooks for children), and iii) duplication of data 

from using different unstandardized MCH home-based 
records, such as occurs in Vietnam (16).

3. How core factors in the MNCH system trigger 
CoC in Japan

The CoC for MNCH is triggered by pregnant women 
registering their pregnancy with the local government 
(municipal level) (13,15), after which they begin 
receiving all MNCH services (Figure 1). Municipalities 
must provide the handbook to every woman who 
registers (13,14,17). This registration connects to civil 
registration, which can be used to appropriately follow 
up with pregnant women within the municipality and 
avoid duplicating services. This process of registration 
and handbook provision is guaranteed for all women 
in Japan regardless of income level, religion, location, 
or nationality (14,17). Pregnant women can use both 
public and private medical facilities, which contributes 
to universal health coverage.
	 They bring the handbook to their maternity clinic 
of choice for ANC and doctors record the ANC results 
for them and their fetus in the handbook. The handbook 
also provides health information to pregnant woman 
and their family. All relevant doctors and midwives are 
required by law to provide entries (14), even when a 
woman changes clinic during her pregnancy.
	 Local governments encourage pregnant women to 
attend ANC, and provide health advice, motherhood 
classes, and other services through their public health 
centers. They also send public health nurses to follow 
up with registered mid-to-high risk women, as well as 
with pregnant women who registered but do not appear 
to be taking advantage of ANC (13,18).
	 After giving birth, all data regarding childbirth is 
recorded in the handbook and mothers receive birth 
certificates from their doctors or midwives that they 
take to the local government to register the birth. 
Local governments then provide all registered women 
with health information, health advice, vouchers for 
child health check-ups (with follow-ups for mothers), 
and immunizations for children so that they and their 
babies can receive these services in clinics in a timely, 
standardized manner.

4. How the MNCH system works: The three actors 
and the benefits they receive

The combined "Maternal" and "Child" Health 
Handbook is a useful tool for linking maternal health 
and child health services and for connecting service 
users with medical professionals to increase ANC, 
immunizations, and health-seeking behavior (19-
25). It is also useful for service users to increase their 
knowledge and awareness of the value of routine health 
check-ups (21) and to change their attitudes about 
MNCH (19-21,26-28). 
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Figure1. The continuum of care for maternal, newborn, and child heath in Japan. The X-axis indicates time, and the Y-axis 
indicates the three actors in the MNCH service provision system. The registration of pregnant women with the local government 
(municipality level) triggers the continuum of care in Japan. When pregnant women register, the local government provides them 
with the MCH Handbook and all services start and follow a standard schedule. Birth registration also plays an important role in the 
MNCH system. (ANC, antenatal care; PNC, postnatal care; MCH, maternal and child health; MNCH, maternal, newborn, and child 
health.)

Figure 2. Benefits for the three actors. The MCH Handbook and the registration of pregnant women connect the three actors in 
the system: service users, medical professionals, and local governments. These three actors obtain benefits by participating in the 
system, through use of the MCH Handbook. (MCH Handbook, Maternal and Child Health Handbook; MNCH, maternal, newborn, 
and child health.)
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However, challenges can still occur for these two actors 
– service users and service providers – in the system. 
Because registration is not mandatory, not all pregnant 
women register with their local government and so do 
not receive any ANC; they visit a healthcare facility just 
to give birth, without providing medical information 
about the pregnancy or immunizations. In some cases, 
this may lead to health problems for the child or child 
abuse after birth (18). Also, medical professionals do 
not always fill out the handbook correctly, and this 
can lead relatively low utilization of the handbook, as 
reported in Thailand (29). Furthermore, some mothers 
and children can have difficulty accessing healthcare 
services and connecting with healthcare resources (30). 
The handbook and registration of pregnant woman 
are tools to mitigate these difficulties in Japan, and 
they seem to be made more effective by requiring 
the involvement of a third actor – local governments 
– in the system. Local governments work to fairly 
and equally provide administrative resources such as 
financial or social support to expectant families (18), 
and they are in an important position to combine social 
and medical approaches for MNCH (31) and provide 
social support for early child development (32). 
	 To promote functioning of the current system, 
the system provides benefits to all three actors to 
incentivize their participation. Users benefit from 
access to free vouchers for MNCH services at any 
healthcare facility, information on MNCH, knowledge 
about their personal health, and access to other related 
government services. Healthcare professionals benefit 
from using the handbook by gaining easy access to 
their clients' complete pregnancy records, which helps 
them provide appropriate services and advice. They 
can also receive payment from the local government 
for their services, by submitting vouchers collected 
from the handbook after performing examinations. 
Local governments benefit by obtaining information 
on pregnant women at the time of registration, which 
makes it possible to provide suitable administrative and 
social services (13,33). These incentives promote the 
actors' participation in the MNCH service provision 
system (Figure 2).
	 As Misawa stated, "The MCH Handbook is a tool 
to ensure continuous MNCH services by different 
professionals, at different occasions, and at different 
times" (34). These services are ensured by local 
governments. Thus, combined use of the handbook and 
registration has made it possible to connect between 
and provide some necessary CoC components, as 
suggested by Kerber (1).

5. Effectiveness of Japan's MNCH system

After the first handbook was introduced in 1942, the 
maternal mortality rate (MMR) fell from 160 in 1948 
to < 50 in the late 1960s (35) and the infant mortality 

rate (IMR) also fell from around 75 to < 20 (36,37). 
The handbook has therefore been suggested as one of 
the causes of IMR reduction in Japan (4,5). However, 
the picture is not so clear cut. For example, on the 
one hand, these declining trends in MMR and IMR 
actually began in the early 1900s (35,36); on the other 
hand, the handbook does seem to have contributed to 
reducing diphtheria cases in this period – the number 
of cases had plateaued or even slightly increased from 
the 1900s to the 1940s but gradually fell after routine 
immunizations were introduced in 1948 under the 
Preventive Vaccination Act (38,39). The introduction of 
other national laws and interventions around WWII are 
also potential influencing factors, including the Public 
Health Center Law of 1937 that designated public 
health centers as the main providers for public health 
interventions including MCH services (10,40), and 
the national health insurance (NHI) system that was 
implemented nationally in 1961 (41).
	 It is therefore difficult to conclude that use of the 
MCH Handbook and registration of pregnant women 
solely and directly initiated the changes in these health 
indicators. Nonetheless, the handbook does forge 
connections between the different interventions, making 
for a more integrated rather than fragmented system; 
for example, the handbook refers mothers and children 
to immunization services; pregnant women register 
and receive the handbook at public health centers; and 
childbirth costs are usually supported by NHI. MNCH 
service users in Japan have also reported the handbook's 
utility and helpfulness (42).

6. Possible limitations of the current system

One of the arguments against Japan's current system is 
whether combining the handbook with registration is 
actually necessary. Reports from other countries show that 
it is possible and useful to introduce a handbook alone 
(19,22,23,28). However, in Japan's case, the combination 
seems to be effective for MNCH by connecting service 
users with local government resources.
	 Another argument concerns whether registering a 
pregnancy with the local government is appropriate, 
because pregnancy is a personal matter and possibly not 
a topic for sharing with the government. This question 
arose between Japanese officials and American medical 
officers during the United States' occupation after 
WWII (8). Thus, registration might be a cultural issue.
	 As already mentioned, some pregnant women 
decide not to register with the local government, and 
this can result in some of the aforementioned problems 
(18). Focusing on the benefits offered is important to 
encourage women to register and participate. 
	 Lastly, information about women and babies obtained 
at registration is transferable across local government 
administrations when users relocate, but only when 
women inform the local government. Therefore, local 
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governments might not be able to follow up some 
high-risk cases. Additionally, the handbook records 
are handwritten and medical professionals can access 
them only at health examinations, so records can be 
lost in times of disasters. A possible solution is to store 
registration, handbook records, and identification 
numbers electronically (6).

7. Conclusion

Combining the MCH Handbook with registration of 
pregnant women appears to be an efficient way to 
incentivize users, providers, and local governments 
to participate, promoting CoC for MNCH in Japan. 
Benefits for the three actors should be publicized to 
encourage more use of the system.
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1. Introduction

Elderly care is an emerging global issue threatening 
both developed and developing countries. Worldwide, 
the number of people over the age of 80 is estimated to 
double by 2050, with one quarter to one half of them 

requiring everyday assistance due to their reduced 
functional and cognitive capabilities. The cost of this 
long-term care (LTC) is estimated to be a minimum of 
1.6% of the worldwide GDP by the Organisation for 
Economic Co-operation and Development (OECD) and 
to at least double by 2050 (1).
	 In 2015, 26.7% of the population in Japan was 
over 65 years of age. Japan's population is aging more 
rapidly than in other developed countries and has 
taken only 24 years to move from an aged to an aging 
society, with the proportion of the population aged 65 
years and over doubling from 7% to 14% from 1970 
to 1994, compared to more than 100 years in France 
and almost 50 years in the United Kingdom (UK) and 

Summary Elderly care is an emerging global issue threatening both developed and developing countries. 
The elderly in Japan increased to 26.7% of the population in 2015, and Japan is classified 
as a super-aged society. In this article, we introduce the financial aspects of the medical 
care and welfare services policy for the elderly in Japan. Japan's universal health insurance 
coverage system has been in place since 1961. Long-term care includes welfare services, which 
were separated from the medical care insurance scheme in 2000 when Japan was already 
recognized as an aging society. Since then, the percentage of the population over 65 has 
increased dramatically, with the productive-age population on the decrease. The Japanese 
government, therefore, is seeking to implement "The Community-based Integrated Care 
System" with the aim of building comprehensive up-to-the-end-of-life support services in 
each community. The system has four proposed elements: self-help (Ji-jo), mutual aid (Go-jo), 
social solidarity care (Kyo-jo), and government care (Ko-jo). From the financial perspective, 
as the government struggles against the financial burdens of an aging population, they are 
considering self-help and mutual aid. Based on Japan's present situation, both elements 
could lead to positive results. The Japanese government must also entrust the responsibility 
for implementing preventive support to municipalities through strongly required regional 
autonomy. As Japan has resolved this new challenge through several discussions over a long 
period of time, other aging countries could learn from the Japanese experience of solving 
barriers to healthcare policy for the elderly.
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Germany (2). The main cause for this rapid rise in the 
aging population is attributed to the low death rate 
due to improved living standards and medical care (3). 
Likewise, increasing proportions of aging populations 
are expected to accelerate rapidly across Asia, even in 
low- and middle-income countries such as Thailand and 
Vietnam. The aging challenges that most countries are 
facing include the delivery of appropriate medical and 
welfare care to the elderly, the human resources required 
for long-term caregiving, and the funding for such care. 
In this article, we introduce Japan's medical care and 
welfare services policy for the elderly. In particular, 
the lessons learned from Japan's incorporation of self-
help and mutual aid into the elderly care policy are 
elucidated to inform others about possible choices for 
dealing with their aging populations in the future.

2. Transitions in Japanese health policies for the 
super-aged society (Tables 1, 2)

2.1. Universal Health Insurance

Japan's universal health insurance coverage system 
was initiated in 1961 and was characterized by 
compulsory affiliation, free access, low copayments, 
and coverage by insurance premiums and public 
subsidies (4). Initially, the copayment rate for all was 
the same when the proportion of elderly requiring 
many more medical care services was only 5.7% (5). 
Subsequently, medical costs for the elderly became free 
due to social pressure based on an increasingly aging 
population combined with rapid economic growth from 
1973 onward. However, economic stagnancy led to 
the implementation of a 10-year limit on free medical 
care for the elderly. All people over 70 years are now 
required to pay 20% of the copayment rate, and those 
over 75 must pay 10% (4). Even though Japan has the 
highest life expectancy in the world, national medical 
expenses have been constantly increasing as the birth 
rate declines and the aging population grows. As a 
result, the Japanese government is now struggling to 
find the necessary funding to ensure an effective elderly 
healthcare policy.

2.2. Long-term Care

In 1997, LTC was introduced that included welfare 
services but not medical care services. From the 1980s 
to the 1990s, many beds in Japanese hospitals were 
occupied for long periods by disabled elderly because 
of the absence of post-discharge caregivers and/or a 
lack of adequate care facilities. This was called "social 
hospitalization", and the hospitalization fee was paid 
from medical care insurance. It was evident that elderly 
care services were not sufficient from the data on the 
proportion of Japanese receiving formal home care 
aimed at providing nursing care and welfare assistance 

for daily living to the elderly, which was lower than that 
of other industrialized countries in 1995 (6). This could 
be due to the traditional Japanese cultural belief that 
caregiving for the elderly is the younger generation's 
obligation (7). However, because of the growing 
nuclear family structure, elderly care provided by the 
younger generation had already started to collapse even 
before the World Assembly on Aging in 1982, which 
defined the primary role of the family in supporting the 
elderly (8). In 2000, LTC insurance was implemented 
following a nationwide discussion on the national needs 
of aged care.
	 LTC services in Japan are now available 24 hours a 
day, if necessary, and are provided by trained, licensed, 
and skilled care workers. The number of beneficiaries 
of LTC services has increased by 2.1 times since its 
introduction; however, since then, the aging profile 
in Japan has changed again, and the productive-age 
population has almost halved compared to that of 2000 
(9). LTC insurance is funded 50% by taxes and 50% by 
premiums. Every taxpayer aged 40 or over is obligated 
to pay LTC insurance premiums based on their public 
medical care insurance premium rating. Thus, the 
decrease in the productive-age population is evoking 
concern over a shortage of financial resources. As 
this brief history shows, the Japanese LTC system has 
gone through a paradigm shift and is in need of further 
review and refinement.

2.3. The Community-based Integrated Care System

To this end, the Japanese government is seeking to 
establish a new care structure called "The Community-
based Integrated Care System" (CbICS). This concept 
originated in the comprehensive social security and 
tax reforms launched in 2012 through an argument for 
amending LTC insurance. CbICS comprehensively 
ensures the provision of five factors: health care, nursing 
care, prevention, housing, and livelihood support. The 
primary aim of CbICS is to build comprehensive support 
and services within intimate communities up to the end 
of life while preserving the dignity of the elderly and 
supporting independent living (10).
	 Essentially, CbICS has two dimensions: community-
based care based on and driven by community health care 
needs (11) and integrated care that is conceptualized as 
methods or types that often aim to reduce fragmentation 
of health care delivery by enhancing coordination 
and collaboration between health care professionals 
(12). CbICS focuses on community power and the 
coordination and integration of clinical care and welfare 
services.
	 CbICS comprises four main elements: self-help (Ji-
jo) provided by the individual or their family, mutual 
aid (Go-jo) provided through an informal network 
involving local health volunteers, social solidarity 
care (Kyo-jo) provided by organized social security 
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Applicability of CbICS to communities.

3.1. Accountability for financial benefits

The first challenge to CbICS is accountability for the 
financial benefits government gains by promoting self-
help and mutual aid.
	 Generally speaking, government spending on 
healthcare delivery is based on some amount of public 
assistance usually financed through taxation and social 
insurance. For example, in the UK, comprehensive 
health services are provided virtually entirely through the 
National Health Service (NHS), which is funded through 
general taxation (13); in the Swedish model, both health 
and welfare service spending is completely covered by 
taxes (14); and in Germany, spending on health care 
is covered completely by social insurance (15). The 
situation is completely different in the United States as 
all out-of-pocket expenses including LTC services are 
provided by private voluntary insurance funds (16). 
Japan currently funds healthcare through a mixture of 

programs such as LTC insurance, and government 
care (Ko-jo) provided by public medical and welfare 
services or by public assistance funded by tax revenues 
(10). Of these four elements, we focus on self-help and 
mutual aid as we believe that these elements are key to 
the promotion of CbICS.
	 We believe that CbICS can be major strategy to 
achieve healthy aging in Japan due to its exact strategy 
for maintaining a healthy aging society while reaffirming 
the elderly's and community's own capital. However, 
this new policy approach was launched just five years 
ago, and the first evaluation is yet to be completed. Thus, 
it is unclear whether this approach will become fully 
established.

3. New challenges for the elderly health policy

To promote CbICS, Japan should address three 
challenges, each of which is intricately interlinked: i) 
Accountability for financial benefits, ii) Interaction 
between the four elements of CbICS, and i i i) 

Table 1. Critical events in the history of Japanese national policy regarding the elderly

Year

1961

1973

1982

2000

2012

Event pertaining to Japanese national policy

Achievement of nationwide full coverage of National Health Insurance
– Government's commitment to health for all

Free healthcare policy for people aged 70+ by public funds

Conclusion of Health and Medical Services Act for the Aged
– Health care for people aged 70+ and bedridden aged 65+ was financed by public funds (30%) 
and health insurance (70%) with a small co-payment

Introduction of Long-Term Care Insurance System
– Provide institutional-based care, home health care services, and community-based services for 
those 65+ and those between 40 and 64 years with aging-related disabilities

Establishment of The Community-based Integrated Care System
– Community-based care and integrated clinical care and welfare services

Proportion of population aged 
65+ at the time of the event (%)

5.7

7.1

9.1

17.4

23.0

Table 2. Changes in the copayment rate for medical insurance in Japan

Items

National Health Insurance
    Insured

Employee insurance
    Insured

    Dependents

Aged 70+
(including bedridden aged
 65+)

1960s

30%

Fixed rate

50%

Same as for 
the insured

1970s

→

Fixed rate

30%

0%

1980s

→

(1984~)
10%

(1981~) 
Outpatient: 30%
Hospitalization: 20%

(1983~)
Outpatient: 400 yen/day
Hospitalization: 300 yen/day

1990s

→

(1997~)
20%

→

(1997~)
Outpatient: 500 yen/day (max 4 visits)
Hospitalization: 1000 yen/day

2000s to present

30%

(2003~) 
30%

(2003~) 
30%

(2001~)
10%
(2008~)
Age 75+: 10%
Age 70-74: 20%
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taxation and social security. While governments have 
various options to generate the resources required to 
fund health care, all are facing a financial sustainability 
challenge, especially for LTC. In Japan, medical and 
LTC costs are much higher for those over 65 than for 
other age groups (17). However, the proportion of people 
over 65 is estimated to be more than 30% in 2025, 
whereas the productive-age and juvenile populations are 
expected to continue to decrease (18). Medical and LTC 
costs from 2012 to 2025 are estimated to increase by 1.5 
and 2.3 times, respectively, despite a GDP increase of 
only 1.2 times (19). Therefore, it will be hard to maintain 
the current trend of economic growth as aging in Japan 
becomes a silent but severe financial burden.
	 In contrast, self-help and mutual aid are crucial 
healthcare resources for community-dwelling elderly 
people (20). Active social participation and easy access to 
assistance from others are associated with good self-help 
practices (21), and paid work also encourages elderly 
people to maintain their health later in life (22). From 
this viewpoint, healthcare policies targeted specifically 
toward the elderly should actively include self-help or 
mutual aid. Therefore, as Japan's first challenge, it is 
important to balance formal and informal assistance in 
the healthcare financial framework and show evidence 
that self-help and mutual aid can bring financial benefits 
such as a reduction in premiums (23,24).

3.2. Interaction between the four elements of CbICS

The second challenge for promoting CbICS is the 
interaction between the four elements of self-help, 
mutual aid, social solidarity care, and government 
care. We especially focus on self-help and mutual aid 
highlighted in the CbICS.
	 Previous research in some aging countries has 
shown evidence that well-designed health promotion 
programs (25) and self-management (26) can reduce 
healthcare utilization and related expenditures. Ideally, 
the government could reduce its financial burden 
from aged healthcare by not providing funding for 
the government care element and promoting self-help 
and mutual aid instead, although these two labels are 
somewhat controversial as they are abstract concepts 
(27). As well, the actual financial benefits of self-help 
and mutual-aid in Japan should be identified.
	 Interaction between the four elements is important 
in promoting CbICS not only because of its reliance on 
the financial perspective but also in considering such 
regional context as cultural background. This system 
can be flexibly adjusted due to regional contexts such 
as demographic changes, disease structure, and health 
levels.

3.3. Applicability of CbICS to communities

The third challenge is the applicability of CbICS to 

elderly care in each community.
	 The Japanese government is urging all municipalities 
to establish CbICS by 2025 with strong encouragement 
of municipal autonomy and independence because 
situations are quite different and there is no one-size-
fits-all approach to establishing CbICS. In Japan, 
actually, support for preventive care that encourages 
informal power such as that of individuals themselves 
or friends and neighborhood networks, that is, self-help 
and mutual aid, has been spotlighted and strengthened 
by municipalities authorized by public support. In the 
UK, for example, self-care is a lifelong component of 
the LTC model under NHS policy (28), and self-help 
has already led to positive results there. Thus, Japan's 
national policy is required to interpret the existential 
value of both self-help and mutual aid.
	 Japan's proposed CbICS, which is the new challenge 
in healthcare policy for the elderly, has finally reached 
common understanding through several dialogues. 
Japan seeks to reduce excessive health care expenditures 
by encouraging regional and community involvement 
through the four elements of self-help (Ji-jo), mutual aid 
(Go-jo), social solidarity care (Kyo-jo), and government 
care (Ko-jo). As one solution to the barriers to healthcare 
policy for the elderly, this model could be applied in 
other communities and countries in which aging is an 
emerging issue. As implementation of the policy should 
be undertaken by each municipality based on its unique 
social, cultural, economic, and political conditions, it 
would be our further challenge to clarify the factors 
that promote the establishment of CbICS in a variety of 
communities.
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1. Introduction

Minimally invasive theranostics is one of the most 
recent clinical hot topics. Theranostics will give huge 
simplification for clinical application in the future (1). 
Optical coherence tomography (OCT) is one of the most 
promising, innovative and rapidly emerging biomedical 
imaging modalities. It gradually serves for minimally 
invasive surgical guidance. It can acquire real-time 
tomographic images with micrometer resolution by using 
visible or infrared light (2,3). OCT imaging has been 
diffusely implemented across various disciplines due 
to its high-resolution, high-speed, low-cost, radiative-
free, invasive-free, and convenience performance (4). 

Typical types of OCT scanning include galvanometer 
scanning, microscope, fiber-optic catheter, handheld 
probe, endoscope, etc. Therefore, OCT is widely used 
in intraoperative imaging, pre-operative diagnostic 
and postoperative evaluation (2,5-9), especially, in 
ophthalmic lesion detection and diagnosis (10-12). 
OCT is treated as a minimally invasive, real-time 
diagnostic approach for minimally invasive integration 
of diagnostics and therapeutics.
	 Intraoperative neurosurgical imaging with real-
time identification are special and significant research 
for neurosurgical guidance and resection, which can 
save patients' lives and improve postoperative quality 
of lives. Furthermore, many advanced technologies 
are widely used in intraoperative brain tumor detection 
and neurosurgical guidance, including computer 
tomography (CT) (13), diffusion-weighted magnetic 
resonance imaging (MRI) (14), fluorescence (15,16) and 
fluorescence spectral analysis (17), Raman spectroscope 
(18,19), ultrasound (20), photoacoustic imaging (21), 
biomarkers (22), and evaporative ionization mass 
spectrometry (23) etc. OCT can visualize sub-surface 

Summary This review focuses on optical coherence tomography (OCT)-based neurosurgical application 
for imaging and treatment of brain tumors. OCT has emerged as one of the most innovative 
and successful translational biomedical-diagnostic techniques. It is a useful imaging tool for 
noninvasive, in vivo, in situ and real-time imaging in soft biological tissues, such as brain 
tumor imaging. OCT can detect the structure of biological tissue in a micrometer scale, and 
functional OCT has some clinical researches and applications, such as nerve fiber tracts and 
neurovascular imaging. OCT is able to identify tumor margins, and it gives intraoperative 
precision identification and resection guidance. OCT-based theranostics is introduced into 
preclinical neurosurgical resection, such as the integration of OCT and laser ablation. We 
discuss the challenges and opportunities of OCT-based system in the field of combination 
of intraoperative structural and functional imaging, neurosurgical guidance and minimally 
invasive theranostics. We point out that OCT and laser ablation-based theranostics can give 
more precision and intelligence for intraoperative diagnosis and therapeutics in clinical 
applications. The theranostics can precisely locate, or specifically target cancerous tissues, and 
then as much as possiblly eliminate them.
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tissue structure non-invasively, the micro-meter 
depth microstructure of tissue also has an intuitive 
demonstration for neurosurgeons, and the research 
of neurosurgical OCT are launching gradually in 
neurosurgical diagnostics and guidance.
	 In clinical applications, the precision of minimally 
invasive theranostics, which integrates multimodal 
diagnosis and therapeutic methods, plays an important 
role in the treatment of lesions (1). A 5-aminolevulinic 
acid (5-ALA) guided laser ablation system has been 
proposed, and it has been applied in clinical research 
by Liao et al. (17,24,25). A fluorescence-guided laser 
ablation system to resect residual cancer for soft tissue 
sarcoma has been investigated in a mouse model by 
Lazarides et al. (26). Integration of diagnostics and 
therapeutics has been used in the treatment of tumorous 
tissue, such as the integration of ultrasound and robotic 
technology (27-29). OCT has been widely used in 
imaging to improve diagnostic accuracy and precision, 
and it can guide therapies via providing intraoperative in 
situ abundant information of tumorous tissue (30-32).
	 In this paper, we review brain imaging, neurosurgical 
guidance and theranostics using OCT-based system. In 
brain imaging, "optical biopsy", brain cerebral vascular 
detection, and fiber nerve tracts are the preclinical and 
clinical targets. In neurosurgery, the neurosurgical 
guidance-based OCT system can realize the identification 
of tumorous tissue and non-tumorous tissue, as well 
as intraoperative guidance. As future research and 
clinical applications, we introduce the key technologies 
and clinical research of theranostics, which is the 
integration of OCT and other therapies in neurosurgery. 
Furthermore, we discuss the development and future 
application of integrated OCT and laser ablation 
for minimally invasive theranostics in a prospective 
intelligent medical system.

2. Brain tissue imaging with OCT system

Optical imaging and detection are a non-invasive 

or minimally invasive method to diagnose lesions, 
so that the optical imaging system can widely be 
devoted to biomedical imaging. Due to the feature 
of high resolution, OCT can present a more precise 
microstructure of brain tissue. Moreover, functional 
imaging based on the polarization property and Doppler 
effect has been applied in detecting brain function for 
nerve fiber tracking and cerebral metabolism. The 
functional imaging also includes angiography imaging to 
detect blood flow information.
	 Time domain (TD) and Fourier domain (FD) OCT 
system are usually devoted in biomedical imaging. A 
coupler divides a beam of low-coherence light into two 
paths. The two light beams, which reflect or scatter from 
the sample and reference arm, form an interference field 
in a coupler. The ability to discriminate two scattering 
objects in-depth is up to coherence length of the low 
coherence light source (2,33). The fundamental principal 
schematic of time domain OCT is as shown in Figure 
1A. By contrast, in FD-OCT, the reference mirror keeps 
motionless. The basic principal of FD-OCT is that optical 
coherence frequency of the coherence pattern within the 
envelope of the light source spectrum increases with the 
distance of the scattering event from a reference mirror 
increase (33). Applying a Fourier transform provides the 
reflectivity profile as a function of depth along the A-scan 
within the sample or biological tissue (Figure 1B). 
The depth information of sample is an afforded signal 
transform without A-scan. 
	 In brain imaging, OCT is a useful tool for detecting 
brain tissue and lesions. It can provide micrometer 
level information and the function of optical biopsy. 
Functional information such as cerebral vascular and 
fiber bundle, gives an important indicator for avoiding 
this position to save brain function.

2.1. Brain imaging and 'biopsy'with OCT system

OCT is high-resolution imaging for brain imaging and 
optical biopsy (34). OCT demonstrates that micrometer-

13

Figure 1. Basic schematic representation. (a) Time domain optical coherence tomography. (b) Spectral domain optical 
coherence tomography.
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the angiography and Doppler effect-based OCT imaging 
system. Furthermore, a novel technique combining 
optogenetic stimulation and OCT technology can 
monitor blood flow and cerebral hemodynamics.
	 During seizures' progression, optical characteristics 
will change with cerebral function. Yaseen et al. reported 
that OCT detects the changes of optical properties of 
cortical tissue in mice during the induction of global and 
focal seizures in vivo (45). Yashin et al. investigated a 
contrast-enhanced optical Doppler tomography system 
(ODT) with intralipid to provide monitoring of cerebral 
blood flow velocity (46). Furthermore, imaging of the 
hippocampal area and white matter are presented by OCT 
system in vivo in an animal model (47). Optogenetic 
stimulation combined with OCT system is proposed for 
monitoring cerebral hemodynamics (48). Srinivasan et 
al. proposed an optical microscopic method with a multi-
parametric OCT platform for measuring blood flow 
and recovery of ischemic stroke in brain (49). Recent 
development of OCT-based angiography has started 
to shed some new light on cerebral hemodynamics 
in neuroscience. Baran et al .  demonstrated the 
effectiveness of proposed automatic image segmentation 
and enhancement methods for OCT-based micro-
angiography (OMAG) and tissue injury mapping (TIM) 
in a mouse cerebral cortex (50,51).
	 Multimodal optical imaging system can acquire the 
information of multiple intrinsic visualization view and 
facets of cerebral blood flow, and metabolism in healthy 
tissue and tumorous tissue (52,53). Moreover, a summary 
of OCT angiography studies is provided for stroke, 
traumatic brain injury, and subarachnoid hemorrhage 
cases on rodents (54). This review gave an overview 
of the recent developments of angiography-based OCT 
imaging techniques for neuroscience applications in an 
animal model. Figure 2 shows that dual-wavelength laser 
speckle contrast imaging (DWLS) (Figure 2A) enabled 
rapid prediction of the intact infarct area and hemoglobin 
oxygenation throughout the intact brain in a mouse 
model. The OMAG system (Figure 2B) provides detailed 
information of blood perfusion dynamics down to the 
microvascular or capillary level in a region of interest 
(ROI) in regard to ischemia.

2.3. Brain nerve fiber bundle imaging based on 
functional OCT/OCM

Fiber bundle imaging and orientation tracts are 
outstanding doubts and troubles. The method of nerve 
fiber tracts imaging is usually based on MRI-diffusion 
tensor imaging (MRI-DTI) tractography (55) with a high 
intensity MRI imaging system. However, this diagnosis 
method is not enough accurate due to the low resolution 
of MRI imaging compared to other modal imaging 
systems. Thus, the nerve fiber tracts will give more 
intuitive and more precise viewing with micrometer-
level resolution imaging. Recently, Wang et al. reported 

scaled, cross-sectional imaging could provide micro-
morphological information to diagnose and analyze. 
Therefore, OCT has the potential to serve as a type of 
optical biopsy where morphology is assessed with in 
situ, real-time imaging, unlike histological section, which 
needs removal of specimens and long-time processing 
for microscopic examination (35). It is possible that OCT 
will replace histological section in some degree.
	 Ultrahigh resolution (UHR) OCT, of which the 
resolution can reach one micrometer or sub-micrometer 
level, is investigated to image high scattering tissue. 
Ultrahigh resolution has remarkable characteristics for 
detecting microstructure in OCT imaging. OCT has been 
widely used in brain imaging (36-38). Bizheva et al. 
reported that UHR OCT was investigated for imaging 
of brain tissue morphology using a number of animal 
models ex vivo and in vitro (39). The scale of UHR OCT 
imaging is from neuron cells to an intact animal brain. 
Moreover, UHR OCT is a successfully translational 
diagnosis tool, since it is capable of discriminating 
healthy brain tissue and various neuro-pathologies. For 
imaging deep brain tissue in vivo, a forward scanning 
single mode fiber (φ125 μm) is used as detecting 
probe (40,41). Some advanced technologies have been 
integrated into the OCT system for improving light 
penetration to enhance imaging depth in highly scattering 
brain tissue. Imaging depth of OCM is improved 
through intrinsic scattering contrast (41). This method 
does not require the addition of dyes or contrast agents. 
Vertical cavity surface emitting laser (VCSEL) sweep 
source OCT offers an extended imaging depth range of 
more than 2 mm in highly scattering turbid biological 
tissue (42). With technical improvement, imaging 
depth of OCT will increase in research and clinical 
application. Whole brain imaging in an animal model 
is a big challenge in the current optical field, especially 
in a freely moving animal. It is meaningful for future 
research in brain imaging. Whole brain imaging has 
been developed through techniques for reconstruction 
and segmentation of sliced brains (43), and quantitative 
analysis make brain imaging a more practical clinical 
value (44). However, whole brain imaging is unnecessary 
with OCT-based system in intraoperative brain imaging, 
while a large-field view can provide a great amount of 
information for a specialist to guide and identify brain 
tissue feature.

2.2. Cerebral vascular and angiography imaging with 
OCT-based system

Brain is a complicated and comprehensive component 
in the central nervous system. A brain tumor will affect 
nervous function and quality of patients' lives. OCT 
is gradually applied into cerebral functional imaging 
during brain activity or disease progression. Recently, 
to investigate blood flow and cerebral hemodynamics in 
neuroscience, many researchers have been investigating 
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that a multi-contrast OCT (MC-OCT) shows nerve 
fiber tracts and comprehensive brain anatomy ex vivo in 
animal brain. The MC-OCT has a novel high resolution 
and improvement of scanning structure with a serial 
optical coherence scanner (SOCS). Neighboring fiber 
tracts with different orientations can be distinguished 
in tomographic optical slices, two-dimensional en face 
images and three-dimensional volumetric images (56,57). 
Furthermore, a combination of diffusion tensor imaging 
(DTI) and SOCS imaging can describe the orientation of 
nerve fiber tracts on postmortem human medulla (58,59). 
Figure 3 shows the en face optic axis orientation maps in 
fiber orientations of the coronal plane. Different colors 
represent the different fiber directions as shown on the 
color wheel; the brightness of colors is determined by the 
en face retardant values (58).
	 The nerve fiber tracts are equally important for 
neuroimaging and neurosurgical guidance. Deep-OCM 
allows, after minor surgery, in situ imaging of single 
myelinated fibers over a large fraction of the sciatic 
nerve (60). To detect nerve fiber bundles based on 
measurement of birefringence, polarization sensitive 
OCT (PS-OCT) demonstrated good quality for detection 
(61-63). However, these studies are still based on animal 
experiments, and usually implement the detection of 
brain function the brain in vivo living mouse. These 
studies are meaningful and significant to recognize brain 
function of nerve fiber tracts.

3. Neurosurgical monitoring and neurosurgical 
guidance based on OCT technology

OCT-based clinical application in neurosurgical 
procedures is a main direction in biological tissue. It is 

more important for intraoperative imaging with high 
spatial resolution and identification of tumor margins for 
neurosurgical guidance.
	 In neurosurgery, OCT-related system will give real-
time information for guiding neurosurgical resection. 
The information can include morphology of tumorous 
tissue and non-tumorous tissue. In order to acquire 
more information and a larger imaging field of view, 
integration of OCT and other imaging modalities 
can provide appropriate neurosurgical  guidance and 
treatment. Furthermore, integration of OCT and laser 
ablation system can give precision treatment for brain 
tumors.

3.1. Identification of tumorous and non-tumorous tissue 
with OCT system

High-resolution cerebral tumor imaging is very useful for 
reseting of brain tumors, where the tumor or abnormal 
lesion can be discriminated from normal brain tissue 
by OCT system. Many scientists and surgeons are 
turning in vivo OCT tumor imaging research and clinical 
translational practice into reality. OCT imaging plays a 
significant role in the resection of brain tumors. Deep 
brain tumor imaging also has profound significance for 
identification of tumorous tissue.
	 During neurosurgical tumor resection, real-time 
identification of tumors gives ample evidence for 
operation. Boppart et al. reported that an intraoperative 
OCT system could identify tumor regions and localize 
tumor margins based on the optical attenuation in 
backscatter intensity. OCT images of the cortex were 
acquired in two and three dimensions in the cadaveric 
human cortex with metastatic melanoma (64). Bizheva 
et al. reported the first studies on ex vivo human tissues 
(65). Böhringer et al. reported imaging of human brain 
tumor specimens using TD-OCT and SD-OCT system 
to identify tumor and normal tissue using optical 
characteristics (66-68). Due to the intrinsic optical 
property of brain tissue, near-infrared OCT has a deeper 
viewing field/range than visible light used in the OCT 
system (42,67-69). For the discrimination of tumor, the 

Figure 2. (a) A system combined DWLS with OCT used to 
monitor microvasculature and microstructure in mouse 
cortex through whole skull. (b) Combination of TPLSM 
angiography with Doppler OCT imaging for blood flow in 
the mouse cortex. From Ref. (54) (Reprinted with permission).

Figure 3. En-face optic axis orientation maps produced 
by SOCS quantitatively depict in-plane fiber orientations 
in the medulla. Each map is composed of eight (2 × 4) serial 
scans. The color wheel shows the orientation values ranging 
between −90° and 90°. The brightness of colors in the images 
is determined by the en-face retardance values. From Ref. (58) 
(Reprinted with permission).
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longitudinal tomographic OCT image is the basis through 
measuring the optical attenuation of signal in three-
dimensional topology. Furthermore, brain tumor has a 
more complex microstructure and micromorphology. 
However, it is difficult to identify tumor margins from 
the longitudinal/axial map, because the algorithm based 
on the optical attenuation coefficient of A-scan will get 
the map of an alignment in the B- or C-scan. Such an 
algorithm adds the longitudinal analysis to identify the 
boundary of tumorous tissue.
	 Multimodal optical  imaging can image the 
microstructure, cerebral oxygen delivery and energy 
metabolism of brain tumors. Yaseen et al. investigated 
the combination of two-photon microscopy (TPM) and 
confocal lifetime microscopy, laser speckle imaging, 
OCT imaging, and optical intrinsic signal imaging to 
monitor cerebral oxygen delivery and energy metabolism 
(51). It will be used into intraoperative imaging and 
neurosurgical guidance for detecting metabolism 
and identification of tumorous tissue. Two-imaging 
modalities, including cross-polarization OCT and 
microangiographic OCT, are integrated into multimodal 
(MM) OCT system for differential diagnostics of 
normal and diseased brain tissue with glioblastoma (52). 
Microangiographic OCT allowed the visualization of 
blood vessels in brain tissues, revealing changes in the 
form and sizes typical of the tumor vessels.
	 For identifying different kinds of brain tumors, full-
field OCT (FF-OCT) system, which can detect the 
microstructure of tumor, has been proposed. Assayag 
et al. applied a FF-OCT imaging system to structural 
imaging of brain tumor specimens (70). However, the 
diagnostics of brain tumors are only implemented in 
brain specimens ex vivo. FF-OCT in LLTech Corporation 
(71) uses infrared light to take optical biopsies beneath 
the surface of tissue under analysis instead of histological 
section. Intraoperative precision diagnostics has some 
space for improvement. Figure 4 demonstrates that FF-
OCT detects cerebral tissue architecture modification. 
Infiltrating tumorous glial cells are not detectable in this 
system, but low-grade gliomas are mistaken for normal 
brain tissue on FF-OCT images. However, in high-
grade gliomas (Figure 4 G-K), the infiltration zone of 
brain tumors has occurred to such an extent that normal 
parenchyma structure is lost (70).

3.2. Neurosurgical guidance with intraoperative OCT 
imaging and integrated multi-modality imaging

Intraoperative neurosurgical imaging and guidance 
are crucial for non-invasive identification of brain 
tumor and non-tumor tissue on a facial map together 
with longitudinal tumor margin in real time. However, 
the image quality and the imaging depth limits the 
identification of longitudinal tumor margin. During 
neurosurgery, intraoperative diagnosis plays an 
important role in surgical guidance. The speed of OCT 

imaging will strongly influence intraoperative diagnosis 
and visualization. The improvement of imaging speed 
promotes the efficient of identification and diagnosis.
	 For giving an intuitive view of brain tissue, 
some researchers have designed and manufactured a 
neurosurgical probe of OCT, including endoscopic, 
needle-type, hand-held probe, and other kinds of 
neurosurgical OCT robotic arms (68,72-79). Böhringer 
et al. used a modified rigid endoscopic probe to mount 
OCT device for detecting tumor during resection of 

Figure 4. Glioma. Assayag et al. reported three different 
cases shown in (A-B; C-F; G-L). (A-B) Microcysts (arrows) 
in an oligo-astrocytoma grade 2; (C-D) microcystic areas and 
Virchow-Robin space (arrows) in an astrocytoma grade 2; (E-
F) enlarged Virchow-Robin spaces in an astrocytoma grade 
2; (G-H) microvessels (arrow) and tumorous glial cells in an 
oligoastrocytoma grade 3; and (I-J) pseudo-palisading necrosis 
in an oligo-astrocytoma grade 3. (K-L) Vasculature (arrows) in 
an oligo-astrocytoma grade 3. (B, D, F, H and J) Hemalun and 
phloxin stainings and CD34 immunostaining (L).Scale bars 
show 250 μm (A, B), 100 μm (C-F), 20 μm (G, H), and 10 μm 
(I-L). From Ref. (70) (Reprinted with permission).
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intrinsic brain tumors (68). In microsurgery, Kang 
et al. proposed a common-path OCT system with 
an applicable fiber-optic endoscopic probe (74,76). 
Furthermore, a hand-held forward-viewing probe is 
useful for neurosurgical imaging and residual tumor 
detection due to the irregular and limited resection 
cavity. Liang et al. and Sun et al. developed a needle-
type forward-imaging OCT probe, which was fit for 
minimally invasive tools (77-79).
	 Another issue is the intraoperative detection of 
residual tumor in neurosurgery. Giese et al. reported 
that tumorous tissues of human brain and areas of the 
resection cavity were analyzed during the resection 
of gliomas within OCT guidance (80). Recently, 
excellent research reported by Kut et al. investigated 
a self-regulating OCT system on ex vivo human tissue 
specimens of 32 patients (81), and the method to 
discriminate between normal and tumorous tissues is 
based on the optical attenuation coefficient measured by 
developing nanoparticle-based OCT imaging contrast 
agents during operation (82,83). The substantial 
contribution of this research is the performance of 
diagnostic analysis to derive an attenuation threshold 
to distinguish tissues with high sensitivity and 
specificity. For the identification of tumor margins, 
some algorithms assist the diagnosis of tumorous tissue, 
such as pixel classification-based method (84), and 
attenuation coefficient-based method (85). Machine 
learning method has been used in the classification 
of skin tumors with OCT images (86), it has potential 
application on brain tumor imaging. Furthermore, on 
the aspect of imaging speed, the technology of graphic 
processing unit (GPU)-based acceleration provides 
a huge potential application. Zhang et al. use the 

dual GPU to accelerate the speed of FD-OCT system 
so that the system can be used in the intraoperative 
microscopic guidance. This research provides an access 
to fast image processing for microscopic surgery. 
It has potential to translate into a typical clinical 
application in the future (87). The intraoperative 
real-time identification of cancerous tissue and non-
cancerous tissue provides a similar function for real-
time histological section to guide neurosurgery. OCT 
system is a promising intraoperative imaging tool for 
neurosurgical guidance (88). However, there is still 
lack of brain functional information in the cerebral 
cortex and deep brain tissue. Figure 5 shows that OCT 
attenuation maps aided the neurosurgeon in identifying 
regions of tumorous tissue versus non-tumorous tissue 
(white matter) before and after surgery.
	 Multimodal imaging system is more convenient 
for neurosurgical guidance for tumor resection. Sun et 
al. reported that a hand-held probe has been proposed 
in the cadaveric in situ testing for providing updated 
image information; however, the probe has a forwarding 
viewing for neurosurgical OCT attached with tracking 
markers (89). Liang et al. investigated a combination 
of OCT with an MRI-compatible needle-type probe for 
tumor resection in neurosurgical guidance. The probe 
has capability of providing microscale architecture in 
conjunction with macroscale MRI tissue morphology 
for human patients in real-time for in situ imaging and 
neurosurgical guidance (90). An integrated system of 
photoacoustic OCT and surgical microscope has been 
proposed, and it can guide surgeons through providing 
the intraoperative real-time tumor margins, tissue 
structure and a magnified view of region of interest 
(91). Multimodal imaging system will acquire multi-

Figure 5. In vivo OCT imaging brain cancer in a mouse with patient-derived high-grade brain cancer (GBM272). From Ref. (81). 
(Reprinted with permission).
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dimension information of intraoperative biological 
tissue for helping real-time surgical diagnosis and 
analysis. It can decrease the difficulty of intraoperative 
identification of tumor margins for neurosurgical 
guidance.
	 The main challenges of large-scale/wide-field 
scanning of the resection zone are the creating a map 
of the cavity, scanning of the perpendicular surface and 
merging an intraoperative visualization of the three-
dimensional data. Some novel techniques may assist 
surgeons to achieve micrometer precision incisions, 
reducing the risks of damage to the surrounding tissue, 
and minimizing intraoperative complications (92). 
Overlaying microscopy images with depth information 
from OCT could lead to improved detection of residual 
tumor cells (58,93). Combining OCT imaging with an 
operating microscope (94,95) can offer intuitionistic 
viewing of the surgical area. Robotized operating 
microscope integrated OCT imaging could scan larger 
scale tissue surface area through automated movement 
of the microscope. Hence, the microscope assisted OCT-
based neurosurgical guidance can provide more high-
resolution and wild-field intuitive viewing to perform 
precision surgical resection.

3.3. Integrated OCT and laser ablation system for real-
time treatment of diseased tissue

Minimally invasive theranostics for treatment of the 
diseased soft biological tissue is a developmental and 
potential clinical application. Integration of in vivo/
in situ imaging and therapy will provide some more 
possibilities for intraoperative diagnosis and therapeutic 
(17,24-29,96). With respect to tumor resection in soft 
biological tissue, OCT-guided laser ablation is a novel 
theranostics method, especially in brain tumor resection. 
Some research demonstrated that the integration of OCT 
and laser ablation provide a novel treatment approach 
for the tissue's lesion. For malignant tumor treatment, 
the challenge is visualization of the treatment response 
dynamics in microscale spatiotemporal resolution during 
the surgical operation. Minimally invasive integration 
of diagnosis and therapy will decrease the radiative dose 
and increase the efficiency of tumor treatment.
	 In surgical procedures, OCT can monitor and 
capture the dynamic changes during the laser ablation 
or laser surgery for the diseased tissue. OCT-guided 
laser surgery has been developed for use in ophthalmic 
surgery (97,98). Boppart et al. reported that it is a new 
approach, where the integration of real-time high-
resolution OCT and laser ablation can realize the 
treatment of brain tumors in vivo and in situ; the system 
could image the dynamic changes before, during, and 
after intraoperative laser ablation scenarios (30). Meng-
Tsan Tsai et al. proposed an OCT guided laser-assisted 
drug delivery system, which can monitor drug diffusion 
through an induced microthermal ablation zones array 

(99). The integration of OCT and laser ablation will 
provide an intuitive view for real-time treatment of 
diseased tissue.
	 With respect to soft tissue in situ treatment, the in 
situ monitoring of laser ablation results provides intuitive 
observation for evaluating the laser ablation during 
the operation. Ohmi and Haruna et al. demonstrated 
an effective method for in situ observation of laser 
ablation of soft-biological tissue based on OCT imaging 
(100,101). For the improvement of imaging speed, the 
swept source OCT has been investigated in the system 
with 25 Frames/s imaging speed for in situ observation 
(102-104). In Ohmi's research, OCT system is only 
used in monitoring the process of laser ablation and 
post-operation imaging. It is still a dilemma how to 
use integration of OCT and laser ablation treatment. 
OCT guided laser resection in surgery has also been 
developed by Nitesh Katta et al. The smart laser knife 
system is used for surgical guidance (105,106). These 
research methods take the utility of OCT imaging 
and monitoring the laser ablation into consideration. 
Enhanced tissue ablation efficiency with a mid-infrared 
nonlinear frequency conversion laser system has been 
proposed, and the results can be monitored using OCT 
imaging (107). However, a large-scale OCT scanning 
and laser ablation model during OCT-guided laser 
ablation treatment are still problematic, as well as real-
time monitoring laser ablation. The integration of OCT 
and laser ablation has met same dilemmas. Therefore, we 
proposed a novel SD-OCT guided laser ablation system 
for resection of brain tumors (109). We have proposed 
and designed the prototype of integration of diagnosis 
and therapeutic systems, which is an optical theranostics 
system, and includes OCT imaging, analytical outcome 
of laser ablation, and automatic scanning platform. It 
has a promising application for neurosurgical treatment. 
Figure 6 shows the ex vivo porcine brainstem validation 
experiment for evaluating OCT imaging of pre- and post-
ablated craters. In the future, integration of OCT and 
laser ablation will provide more precise diagnosis and 
therapy through precisely controlled radiation power and 
duration times.
	 In the imaging and treatment of brain tumors, 
OCT-related system can give an optional approach for 
precision identification and therapy. OCT-based diagnosis 
has the function of intraoperative histological sections for 
real-time identification of tumorous tissue, non-tumorous 
tissue, and infiltrated zone. In the future, a combination 
of morphological and functional information for imaging 
brain tumors will further prompt the clinical application 
of OCT in neurosurgery. Some novel optical attenuation 
coefficient- and artifact intelligence-based approaches of 
OCT image processing will play a greater advantage in 
diagnostics for real-time identification, classification and 
segmentation of tumorous tissue. Minimally invasive 
theranostics is the developmental trend for future clinical 
practice. Integration of OCT and laser ablation system 
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can carry out treatment of brain tumors. Endoscopic or 
robotic-assisted integration of OCT and laser ablation 
system will make minimally invasive theranostics a 
reality. This will be one of the clinical trends due to the 
characteristics of precision and real time in integration of 
diagnosis and therapeutics.

4. Conclusion

In summary, OCT has performed some advantages 
and has great potential in ultra-high resolution 
b ra in  imaging ,  neurosurg ica l  gu idance ,  and 
minimally invasive theranostics integrated with 
laser ablation. Local intraoperative brain imaging 
can provide extensible sufficient structural and 
functional information including nerve fiber tracts 
and neurovascular structure. Improvement of OCT 
imaging depth is the trend for precision imaging and 
identification of brain tumorous and non-tumorous 
tissue. Functional imaging will provide more precise 
information for neurosurgical guidance. Optical 

Doppler tomography or Doppler OCT has also been 
used to acquire tomographic images of animals' brain 
hemodynamics in the cerebral cortex. Brain functional 
imaging, which includes nerve fiber tracts and cerebral 
vascular hemodynamics, can be incorporated into 
intraoperative neurosurgical imaging and guidance 
procedures to avoid damage of cranial nerve's function 
during resection treatment.
	 In OCT-guided neurosurgical theranostics, the 
system needs higher technical advancements for 
faster automatic diagnosis and therapy as well as 
fusion of multimodal information. The intelligence of 
theranostics system can be improved by adding visual 
feedback to make treatment safer, less invasive and 
more effective. Hence, minimally invasive theranostics, 
which combines OCT and laser ablation to reach high 
precision, automation and intelligence on intraoperative 
neurosurgical operation and treatment, is a novel 
method for diagnosis and therapy of brain tumor. 
It could be a promising technology in translational 
medicine.

Figure 6. The validaion experiment of imaging the pre- and post-ablated craters on the ex vivo porcine brainstem (a) and 
(c). The OCT images of the pre-ablated craters corresponding to the left and right locations in ex vivo porcine brainstem. (b) The 
ex vivo porcine brainstem, with the green line showing the scanning location. (d, f) The ablated craters corresponding to a radiation 
power of 5 W and radiation durations of 5 and 10 s, respectively. (e) The performance of laser ablation on the porcine brainstem. (g, i) 
Histological sections corresponding to (d) and (f), respectively (scale bar = 1,000 μm). (h) Laser-ablation results. (j, k) OCT images 
of post-ablated craters at a radiation power of 5 W for radiation durations of 5 and 10 s, respectively. From Ref. (108). (Reprinted 
with permission).
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1. Introduction

Cervical cancer is the second most commonly 
diagnosed cancer and the third leading cause of cancer 

death among females in developing countries. Among 
the females diagnosed with cervical cancer, many 
are diagnosed at the advanced stages of the disease 
where they have limited treatment options and show 
poor prognosis (1). There were an estimated 98,900 
new cervical cancer cases and 30,500 related deaths in 
China in 2015 (2).
	 Cervical cancer patients experience significantly 
more depression and anxiety than the general 
population (3). Women who receive results of an 
abnormal Pap smear or a positive HPV DNA test 
may often experience unwarranted fear, distress, and 
anxiety about cervical cancer (4). A recent analysis 
indicates that 25.7% of early stage cervical cancer 
(ECC) cases and 22.2% of locally advanced cervical 
cancer (LACC) cases have elevated anxiety levels (5). 
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In addition, cervical cancer survivors are more likely 
to have a lower quality of life (QOL) and higher levels 
of depression and anxiety (26% and 28%, respectively) 
compared to other cancer survivors (6).
	 Biobehavioral factors such as depression, anxiety, 
and stressful life events have long been suspected to 
underlie cancer progression (7). Animal studies have 
also revealed that behavioral stress can promote the 
progression of ovarian cancer, breast cancer, pancreatic 
cancer, and several other types of malignant tumors 
(8,9). The mechanisms underlying the effects of 
biobehavioral stress on cancer progression have been 
studied through psychoneuroimmunology (7,10), and 
these studies have shown that biobehavioral factors 
influence the neuroendocrine regulation of hormones 
(i.e., catecholamine neurotransmitters, dopamine, 
adrenaline, and noradrenaline), which may impair the 
immune response and contribute to cancer onset and 
development.
	 Long noncoding RNAs (lncRNAs) are transcripts 
longer than 200 nucleotides with no apparent protein-
coding role. LncRNAs are involved in numerous 
important biological processes such as chromatin 
modification, genomic imprinting, and enzymatic 
activity regulation (11). The overexpression, deficiency, 
or mutation of lncRNAs has been implicated in various 
malignant tumors and other human diseases (12). 
However, few studies have evaluated the changes 
and potential functions of lncRNAs in cervical cancer 
patients experiencing higher psychological stress.
	 In the current study, we performed a high-
throughput analysis to compare the lncRNA and 
mRNA expression profiles between high- and low- 
psychological stress cervical cancer groups. Our 
aim was to discover the mechanisms underlying the 
potential psychoimmunological effects of behavioral 
stress on cervical cancer from the perspective of 
lncRNAs. Our findings provide new insights into the 
psychological epidemiology of cervical cancer.

2. Materials and Methods

2.1. Patients

Women older than 18 years of age with an abnormal 
Pap test result suspected for cervical carcinoma were 
determined to be potentially eligible for this study. 
The study inclusion was confirmed after the histologic 
diagnosis of squamous cell carcinoma of the uterine 
cervix. Patients with a previous cancer diagnosis, 
regular use of a systemic steroidal medication in the 
last 4 months, comorbidities known to alter the immune 
response (such as autoimmune diseases), or the inability 
to accurately answer questions were excluded. This 
study was approved by the Ethics Committee of the 
Obstetrics and Gynecology Hospital affiliated to Fudan 
University.

2.2. Psychological measures

2.2.1. Depression

Depressive symptoms were assessed using the 
Center for Epidemiologic Studies Depression Scale 
(CESD) and the Zung's Self-rating Depression Scale 
(SDS). The CESD is a validated 20-item scale that 
assesses depressive symptoms occurring in the 
prior week. Scores of 16 or higher indicate a high 
biobehavioral risk (13). Four subscales of CESD have 
been confirmed by factor analysis: depressed affect, 
vegetative depression, positive affect, and interpersonal 
relationships. On the other hand, the SDS is a 20-item 
self-reported scale that assesses psychological and 
somatic symptoms of depression. Cut-off scores for the 
SDS were as follows: < 50 = normal, 50 to 59 = mild 
depression, 60 to 69 = moderate depression, and > 69 
= severe depression (14).

2.2.2. Social support

Social support was assessed by the Chinese version of the 
Social Support Rating Scale (SSRS), which demonstrates 
good validity and reliability among Chinese populations 
(15). The SSRS consists of ten items that measure 
three dimensions of social support: objective support, 
subjective support, and support utilization.

2.2.3. Anxiety

The Zung's Self-rating Anxiety Scale (SAS) was used 
to quantify the level of anxiety (16). The self-reported 
questionnaire contained 20 items. Cut-off scores were 
as follows: < 45 = normal, 45 to 59 = mild to moderate 
anxiety, 60 to 74 = marked to severe anxiety, and > 75 = 
extreme anxiety.

2.2.4. Sleep quality

The Pittsburgh Sleep Quality Index (PSQI) is a 19-item 
self-reported questionnaire used to assess the type and 
frequency of sleep disturbances occurring in the prior 
month (17). A global score greater than 5 indicated poor 
sleep.

2.3. Tissue collection and RNA extraction

Six cervical carcinoma samples were harvested during 
the laparoscopic surgery from each study participant. 
All the samples were rapidly frozen in liquid nitrogen, 
followed by storage at -80°C. Total RNA was extracted 
from the frozen tumor tissues using the mirVana 
RNA Isolation Kit (Ambion). RNA concentration and 
purity were then determined using the NanoDrop ND-
2000 Spectrophotometer (Thermo Fisher Scientific). 
RNA integrity was determined by standard denaturing 
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lncRNAs and mRNAs. For each pair of genes, the 
Pearson correlation coefficient (PCC) was calculated, 
and the pairs with significant correlations (PCC > 
0.90) were chosen to construct the network. Cytoscape 
Software version 3.4.0 (U.S. National Institute of 
General Medical Sciences) was used to illustrate the co-
expression network.

3. Results

3.1. Patient characteristics

Six squamous cervical carcinoma patients who had 
undergone primary surgical resection between November 
2014 and September 2015 were enrolled in this study. 
The clinical characteristics of the patients are shown in 
Supplementary Table S1 (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=18). All 
the tumor samples were confirmed to be stage Ib1-IIb 
squamous cervical carcinomas.
	 Psychological factors were measured during the pre-
surgical clinic visits 1 to 7 days prior to tumor resection. 
Based on the established threshold of CESD ≥ 16, three 
participants were determined to show high levels of 
psychological risk factors. The only measured property 
that differed significantly between the two groups was 
the level of depressive scores (CESD, p = 0.0327; SDS, 
p = 0.0399).

3.2. LncRNA and mRNA expression profiles

Using a 2 or 0.5-fold change as the cut-off, a total 
of 1,621 lncRNAs were found to be differentially 
expressed between the high-risk and low-risk groups; 
of these, 510 were up-regulated and 1,111 were down-
regulated in the high-risk group (Supplementary 
Table S2, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=19). Table 1 shows the 
top ten up-regulated and down-regulated lncRNAs. 
Using the same criteria, we found 1,345 mRNAs 
showing differential expression between the high-risk 
and low-risk groups; of these, 325 were up-regulated 
and 1,020 were down-regulated in the high-risk group 
(Supplementary Table S3, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=20). The 
top ten up-regulated and down-regulated mRNAs are 
listed in Table 2. The volcano plot of the differentially 
expressed lncRNAs and mRNAs is  shown in 
Supplementary Figure S1 (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=21). 
Hierarchical clustering analysis was performed to 
categorize the lncRNAs and mRNAs based on their 
expression levels in the microarray (Figure 1).

3.3. Quantitative real-time PCR validation

To validate the microarray results by real-time PCR 

agarose gel electrophoresis.

2.4. Microarray analysis

Total RNA was labeled using the Quick-Amp Labeling 
Kit, One-Color (Agilent Technologies) and hybridized 
onto the Agilent Human lncRNA Array (4*180K). The 
chip detected 46506 human lncRNAs and 30656 human 
mRNAs. Hybridization signals were detected using 
the Microarray Scanner (Agilent p/n G2505C). Agilent 
Feature Extraction Software was utilized to extract 
the raw data. Quantile normalization and subsequent 
processing of the data were carried out using GeneSpring 
Software version 12.0 (Agilent Technologies). 
Differentially expressed genes were defined as those 
with an absolute value of fold change (FC) > 2 and a 
p-value < 0.05 (Student's t-test). Microarray profiling 
was performed by OE Biotech, Shanghai, China.

2.5. Quantitative real-time PCR assay

Total RNA was reverse transcribed into cDNA using 
the PrimerScript RT Kit with gDNA Eraser (Takara, 
Shiga, Japan) according to the manufacturer's standard 
protocols. Quantitative real-time PCR (qRT-PCR) was 
performed on an Applied Biosystems ViiTM A7 System 
(Life Technologies, Tokyo, Japan). Each 20-μL reaction 
contained 10 μL of SYBR Premix Ex Taq II (2×) 
(Takara), 2 μL of cDNA, 0.8 μL of the forward primer, 
0.8 μL of the reverse primer, and 6 μL of dH2O. The 
PCR cycling conditions were as follows: incubation at 
95°C for 10 min, followed by 40 cycles at 95°C for 10 
s and 60°C for 30 s. Each sample was run in triplicate 
for analysis. Melting curve analysis was performed 
to validate the specificity of each PCR product. The 
expression levels of the mRNAs and lncRNAs were 
normalized to the GAPDH level and calculated using the 
2-ΔΔCt method.

2.6. Gene ontology and pathway analysis

Gene Ontology (GO) analysis and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway analysis were 
used to determine the potential roles of the differentially 
expressed mRNAs. GO analysis (http://geneontology.
org/) provides three-structured networks of defined terms 
that describe genes and their properties, which includes 
information on their biological processes, cellular 
components, and molecular functions. We also adopted 
the KEGG pathway (http://www.genome.jp/kegg/) to 
predict the biological functions of the target genes.

2.7. Construction of the lncRNA–mRNA co-expression 
network

The lncRNA-mRNA co-expression network was 
constructed to explore the relationship between the 
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quantification, we selected three mRNAs and two 
lncRNAs from the six cervical cancer samples that 
were subjected to the microarray analysis. The qRT-
PCR results showed that the expression of lncRNA 
NONHSAT097055 and the CCL5, CXCL9, and 
HIST1H2AM mRNAs was significantly decreased 
(p-values for all < 0.05) in the high-risk samples 
compared to that in the low-risk samples. By contrast, 
the expression of lncRNA NONHSAT029137 was 
significantly increased in the high-risk group (p < 
0.05) (Figure 2). The qRT-PCR results were consistent 
with those obtained from the microarray analysis, thus 
confirming the microarray results.

3.4. Gene enrichment and pathway analysis

GO analysis was performed for all the differentially 
expressed mRNAs to identify the potential functions 
of their coding transcripts. We found that the mRNAs 
showing significant differential expression between the 
high-risk and low-risk groups were mainly associated 
with the immune response (GO:0006955), adaptive 
immune response (GO:0002250), regulation of immune 
response (GO:0050776), protein heterodimerization 
activity (GO:0046982), and transmembrane signaling 
receptor activity (GO:0004888), which are all involved 
in various biological processes and molecular functions. 

Table 2. Top ten up-regulated and down-regulated mRNAs in the high-risk group

LncRNAs

SPRR1A
A2ML1
VTCN1
PSCA
SH3BGRL2
MLPH
POF1B
RHCG
DNAH14
FAM189A2
SLC44A5
CXCL13
GLDC
CXCL11
ELAVL2
IFNG
KLRC3
MMP7
UBD
IL12RB2

Fold change (up-regulated)

68.54885
47.889496
47.843727
38.76277
25.990252
20.98717
18.330408
17.668486
15.095662
12.6118145

Fold change (down-regulated)

63.488415
22.780071
22.185339
18.150942
14.732332
13.957739
12.96415
12.581658
12.484317
12.357619

P-value

0.037800513
0.01010738
0.012803975
0.001021038
0.01292145
1.38E-04
0.03179252
0.025924051
0.011291295
0.041048728
9.77E-04
0.004740034
0.002045446
0.019471126
0.020086708
0.007875251
0.001003543
0.027674025
0.04345015
0.010752848

Table 1. Top ten up-regulated and down-regulated lncRNAs in the high-risk group

LncRNAs

NONHSAT026375
NONHSAG051449
NONHSAT006501
NR_040072.1
NR_045603.1
NONHSAT029137
NONHSAT142855
NONHSAT006296
NONHSAT026373
NONHSAT029135
NONHSAT097055
NONHSAT059677
NONHSAT130141
TCONS_l2_00010069
TCONS_l2_00010131
NONHSAT145020
NONHSAT029287
NONHSAT040550
NONHSAT026886
NONHSAG023913

Source database

NONCODE v4
NONCODE v4
NONCODE v4
RefSeq
RefSeq
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
broadlincRNA
broadlincRNA
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4
NONCODE v4

Fold change (up-regulated)

83.38818
56.622337
54.330788
29.504402
21.908543
16.355997
15.255895
13.86696
13.66836
12.5354595

Fold change (down-regulated)

21.751446
20.691536
20.616901
19.297148
18.281479
15.2914095
15.215009
14.950378
14.94323
14.099488

P-value

0.004714203
0.007290442
0.028635195
0.00305648
0.034243103
0.001712117
0.00395211
0.044070113
0.049752276
0.00199061
0.008822498
0.025407365
0.00182173
0.001462107
0.038280915
0.004498216
0.014417922
0.014418174
0.002577477
0.005995478
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The detailed results are presented in Figures 3 A-C. 
	 KEGG pathway analysis indicated that the most 
significantly enriched pathways consisted of those that 
regulate systemic lupus erythematosus (hsa05322), 
antigen processing and presentation (hsa04612), 
and natural killer (NK) cell mediated cytotoxicity 
(hsa04650). The top 20 enriched pathways of the 
differentially expressed mRNAs are shown in Figure 3 
D.

3.5. Construction of the lncRNA-mRNA co-expression 
network

In order to investigate the correlation between the 
differentially expressed lncRNAs and mRNAs, 
the lncRNA-mRNA co-expression network was 
constructed. In total, 509 lncRNAs and 230 mRNAs 
were  inc luded  in  the  co-express ion  ne twork 
(Supplementary Table S4, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=22). 
To draw the co-expression network, we selected 
several mRNAs that were found to be involved in the 
dysregulated functions and pathways in the GO and 

KEGG pathway analysis. As shown in Figure 4, 52 
lncRNAs were found to interact with two mRNAs (CBL 
and PRKCQ) in the KEGG term of "T cell receptor 
signaling pathway" (A), 51 lncRNAs were found to 
interact with two mRNAs (CXCR5 and IL12B) in the 
KEGG term of "cytokine-cytokine receptor pathway" 
(B), and 39 lncRNAs were found to interact with 
two mRNAs (BTLA and ZNF683) in the GO term of 
"adaptive immune response" (C).

4. Discussion

In this study, we profiled the expression of lncRNAs 
and mRNAs in cervical cancer samples from patients 
with different psychological risk levels by microarray 
analysis. We found that 1,621 lncRNAs and 1,345 
mRNAs were differentially expressed between the 
two groups. GO and KEGG pathway analysis was 
performed to predict the potential functions of the 
differentially expressed mRNAs. Moreover, we 
predicted the target genes of the differentially expressed 
lncRNAs by constructing lncRNA-mRNA co-
expression networks. Based on our results, we predicted 
that some of the differentially expressed genes play 
important roles in the psychological stress-induced 
psychoimmunological effects on cervical cancer.
	 There are a substantial number of studies on 
the effects of the chronic activation of the stress 
response on the immune response associating with 
cancer initiation and progression (10). Psychological 
stress has been shown to suppress the non-specific 
and specific components of the immune response, 
such as antigen presentation, NK cell activity, T cell 

Figure 1. Heat map and hierarchical clustering of the 
differentially expressed lncRNAs (A) and mRNAs (B) in 
the high-risk and low-risk groups. The red and green bars 
indicate the expression levels above and below the relative 
expression across all the samples.

Figure 2. Validation of microarray data using quantitative 
real-time PCR. Three mRNAs (CCL5, CXCL9, and 
HIST1H2AM) and two lncRNAs (NONHSAT097055 and 
NONHSAT029137) were selected and analyzed by qRT-PCR 
to validate their expression levels. The relative expression 
level of the target mRNA/lncRNA was normalized, and data 
displayed in the histograms are expressed as means ± standard 
deviation (SD), *p < 0.05 upon comparison between the high-
risk and low-risk groups.
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Figure 3. Functional prediction of the differentially expressed mRNAs based on GO enrichment analysis (A-C) and KEGG 
pathway analysis (D). GO analysis covered three domains: biological processes, cellular components, and molecular 
functions.

Figure 4. LncRNA–mRNA co-expression network. (A) 52 lncRNAs were found to interact with two mRNAs in the meaningful 
"T cell receptor signaling pathway". (B) 51 lncRNAs were found to interact with two mRNAs in the meaningful "cytokine-cytokine 
receptor pathway". (C) 39 lncRNAs were found to interact with two mRNAs in the GO term of "adaptive immune response". Square 
nodes represent the mRNAs, and round nodes represent the lncRNAs. The up-regulated and down-regulated genes are indicated in 
red and blue, respectively. Solid lines indicate a positive correlation, and dashed lines indicate a negative correlation.
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proliferation, cytotoxic T cell activity, and production 
of inflammatory cytokines via mechanisms that involve 
adrenergic and glucocorticoid-mediated pathways (7). 
	 Cancers caused by DNA tumor viruses might be more 
affected by psychological and immunological factors than 
those induced by chemical carcinogens (10). Researchers 
have identified persistent infection with a high-risk 
human papillomavirus (HPV) as the cause of over 99% 
of cervical cancers (18). Fang et al. also reported that 
higher levels of perceived stress are associated with 
impaired HPV-specific immune response in women with 
cervical dysplasia (19). Moreover, a recent clinical study 
showed that bereavement is associated with an increased 
risk of HPV infection and cervical cancer in Sweden 
(20). Stressful life events might also be associated with 
impaired immune surveillance and possibly poor control 
over HPV infection and thus increase the risk of cervical 
cancer.
	 The ZNF683 (Zinc finger protein 683) and BTLA 
(B and T Lymphocyte Associated) mRNAs were found 
to be associated with the GO term "adaptive immune 
response". ZNF683, also known as Hobit (Homolog 
of Blimp-1 in T cells), is a transcription factor that 
mediates a transcriptional program in tissue-resident 
memory T (Trm) and natural killer T (NKT) cells 
(21,22). Hobit mediates the development and retention 
of Trm cells and NKT cells in non-lymphoid organs 
and other nonbarrier tissues and may provide immediate 
immunological protection against re-infections. BTLA 
is an immunoglobulin-like molecule belonging to 
the B7 family, which relays inhibitory signals that 
suppress the immune response (23). Moreover, the 
interaction between BTLA and its ligand has been 
reported to be actively involved in the adaptive 
immune response (24). In our study, we constructed 
a lncRNA-mRNA co-expression network to predict 
the potential functions of the differentially expressed 
lncRNAs. Our results showed that several lncRNAs, 
such as NONHSAT002712, NONHSAT095060, and 
TCONS_00026535, had significant correlations with 
ZNF683 and BTLA, suggesting that these lncRNAs had 
roles in the regulation of the adaptive immune response.
	 The major limitation of this study is that the data 
were obtained from a small sample size. In the future, 
larger studies will be required to establish the generality 
of these findings. Nevertheless, this study is novel in 
that it identified genome-wide lncRNAs correlating 
with psychological stress specifically in cervical 
cancer tissues and thus provides new insights into the 
psychological epidemiology of cervical cancer.
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1. Introduction

Recurrent spontaneous abortion (RSA), also known as 
recurrent miscarriage, habitual abortion or recurrent 
pregnancy loss (RPL), is usually defined as at least two 
consecutive pregnancy losses prior to the 20th gestational 
week of pregnancy (1). The probability of couples of 
childbearing age affected by RSA has been estimated 
to approach 2-5%, and it varies according to different 
definitions and criteria (2). Most of these abortions 
occur prior to the 10th gestational week of pregnancy 
(3). The etiology of RSA has not been well elucidated 

and may be multifactorial, as previous research has 
demonstrated that several factors may play roles in RSA, 
including uterine anomalies, chromosomal abnormalities 
in either partner, antiphospholipid syndrome (APS), 
thrombophilic disorders, endocrine factors, microbial 
infections, maternal diseases, and male factors such as 
sperm deformation and DNA fragmentation (1,2,4). 
	 The majority (50-60%) of early pregnancy losses are 
caused by chromosomal abnormalities, which are either 
of parental origins or de novo abnormalities from parents 
with normal karyotypes (5,6). Embryonic aneuploidy, 
which increases significantly with advanced maternal 
age, accounts for a large portion of spontaneously 
abortus (5). 
	 Previous studies have suggested that abnormal 
embryonic karyotype may contribute to RSA (7-11). De 
novo numerical abnormalities, particularly autosomal 
trisomies, may explain a proportion of RSA (10). There 

Summary Recurrent spontaneous abortion (RSA) is a multifactorial disease of which the exact causes 
are still unknown. In the current study, we aimed to analyze the distribution of abnormal 
embryonic karyotypes in RSA. 781 RSA patients of 17 hospitals in Shanghai from January 
2014 to September 2016 were enrolled. Fetal villus tissues were collected during uterine 
curettage and then cultured in situ for karyotyping. All of the 781 cases were successfully 
cultured. There were 393 cases of abnormal karyotypes, accounting for 50.3% of the total 
cases. Women with abnormal embryonic karyotype were significantly older compared to 
those with normal karyotype (P < 0.001). The majority of patients with abnormal karyotype 
fell among age groups of 25-29 and 30-34. There were 247 cases of aneuploidy, accounting 
for 62.8% of the total abnormal karyotype cases. Autosomal trisomy was the primary 
form of aneuploidy (189/247, 76.5%), and the most common types were trisomy-16 (n 
= 69), trisomy-22 (n = 28), trisomy-21 (n = 21), trisomy-15 (n = 15), and trisomy-13 (n = 
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is also a notion that most chromosomal abnormalities 
occur de novo, probably led by random errors during 
gametogenesis (12). The current study aimed to analyze 
the distribution of abnormal embryonic karyotypes in 
RSA using the next generation sequencing techniques 
(NGS). The method of NGS enables detailed analysis 
of the entire genomic makeup of the fetus based on 
either a biopsy sample from the fetus directly or a 
blood sample from the pregnant women. Due to its 
high resolution, this method can provide information 
down to the smallest detail. Also, the broad coverage 
of this method enables obstetricians and gynecologists 
to identify even the very rare diseases associated 
with certain karyotypes. With the help of different 
databases (such as DECIPHER and ISCA), it is now 
possible to make more accurate diagnoses as well as 
predict prognoses for patients. Compared with the 
traditional chromosomal karyotyping method, NGS 
has obvious advantages in accuracy and coverage, 
therefore providing more detailed information about the 
sample, including etiology, risk stratification, molecular 
diagnosis and prognosis. 

2. Materials and Methods

2.1. Study population

Patients who sought treatment for RSA between January 
2014 and September 2016 at the following 17 hospitals 
in Shanghai were enrolled: Obstetrics and Gynecology 
Hospital of Fudan University, Shanghai First Maternity 
and Infant Hospital, Zhongshan Hospital, Renji Hospital 
of Shanghai Jiaotong University School of Medicine, 
Shuguang Hospital, Yueyang Hospital, Shanghai 
General Hospital, Shanghai Sixth People's Hospital, 
Shanghai Eighth People's Hospital, Shanghai Ninth 
People's Hospital, Shanghai Pudong Hospital, Central 
Hospital of Minhang District, Changning Maternity 
and Infant Health Hospital, Putuo Maternity and Infant 
Health Hospital, Jiading Maternity and Infant Health 
Hospital, Maternity and Infant Health Hospital of 
Pudong New District, Shanghai Institute of Planned 
Parenthood Research Hospital. A total of 781 patients 
were recruited for the current study.
	 The study protocol conformed to the ethical 
guidelines of the 2000 Declaration of Helsinki and was 
approved by the institutional review board at Obstetrics 
and Gynecology Hospital of Fudan University. All 
participants provided written informed consent.

2.2. DNA preparation and sequencing

Villus samples were collected from the aborted tissue. 
DNA from these samples was extracted using the 
QIAamp DSP DNA Mini Kit (Qiagen) according to the 
manufacturer's protocol. The extracted DNA was then 
digested using NEBNext dsDNA Fragments (NEB). 

Library construction, quality control, and pooling were 
performed according to instructions of JingXin Fetal 
Chromosome Aneuploidy (T21, T18, T13) Testing Kits 
(CapitalBio Corporation, China). For DNA sequencing, 
15~20 libraries were pooled and sequenced with ~200 
bp reads using JingXin BioelectronSeq 4000 System 
semiconductor sequencer (CapitalBio Corporation).

2.3. Data extraction

Reads were aligned to the human genomic reference 
sequences (hg19) using the BWA (30). Reads, which 
were unmapped or had multiple primary alignment 
records were filtered by FLAG field in the alignment 
file, using an in-house Perl script. Duplicate reads were 
identified by Picard (http://picard.sourceforge.net/) 
and removed by an in-house Perl script. The remaining 
reads were considered unique reads for further analysis. 
To eliminate the effect of GC bias, we applied an 
integrated method for GC correction using a three-step 
process (LOESS regression, intrarun normalization, 
and linear model regression) according to Liao's paper 
(13). Combining the Z scores of adjacent 1Mb blocks 
would increase the precision to detect subchromosome 
aberrations using Stouffer's Z-score method (14). When 
Stouffer's Z score is larger than 5, we classify it as 
microduplication, whereas when it is less than -5, we 
classify it as microdeletion.

2.4. Statistical analysis

Age was compared using Student's t test as a continuous 
variable and Chi-square test as a categorical variable. 
All above analyses were two-sided and performed using 
EXCEL2007 and SPSS 16.0 (SPSS, Inc., Chicago, 
IL). A P value of < 0.05 was considered statistically 
significant.

3. Results

3.1. The demographics of patients

Of the 781 enrolled subjects, 388 (49.7%) abortuses 
had normal karyotype and 393 (50.3%) had abnormal 
karyotypes. Patients were from almost all parts of 
China, while most of them resided in metropolitan 
Shanghai, Zhejiang province, and Jiangsu province 
(Supplementary Table 1). 
	 The age distribution of the subjects is shown in 
Table 1, and women with abnormal karyotypes were 
significantly older compared to women with normal 
karyotype (P < 0.001). Figure 1 shows the distribution 
of abnormal karyotypes among different age categories. 
The prevalence of abnormal embryonic karyotypes 
increased with age after age 25, although there was no 
significant difference detected across all age categories 
(P = 0.136).
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karyotype among age groups 25-29, 30-34, and 35-39, 
while other karyotype abnormalities sharply increased in 
those aged over 40. The frequency of mosaicism stayed 
stable across different age groups (Figure 2). 
	 Most of the fetuses with aneuploidy presented 
autosomal trisomy (189/247, 76.5%). Other types of 
aneuploidy included autosomal monosomy (6/247, 
2.4%), autosomal double trisomy (13/247, 5.3%), Turner 
syndrome (45, XO) (30/247, 12.1%), Triple X syndrome 
(2/247, 0.8%), Jacob's syndrome (2/247, 0.8%), and 
Triploidy 69XXY (5/247, 2.0%). The most common 
types of autosomal trisomies in our group of fetuses were 
trisomy-16 (69/189, 36.5%), trisomy-22 (28/189, 14.8%), 
trisomy-21 (21/189, 11.1%), trisomy-15 (15/189, 7.9%), 
and trisomy-13 (10/189, 5.3%) (Table 2). Trisomy-16 
was the most common type of autosomal trisomy among 
women between 25 and 39 years of age, and trisomy-22 
was commonly found in age group 30-34 (Figure 3). 
	 We also presented selected karyotypes (Table 4) with 
known clinical indications such as microduplication 
syndromes and microdeletions.

4. Discussion

Miscarriage is clinically recognized in 10-20% 
of pregnancies. Recurrent spontaneous abortion 
(RSA) is defined as two or more pregnancy losses, 
which is diagnosed clinically by ultrasonography or 
histopathologic examination (1). There is about 5% of 
women going through two consecutive spontaneous 
abortions, and the proportion is even higher in those over 
35 years old. Less than 1% of women are affected by 
three consecutive spontaneous abortions (3). Despite the 
long debate about the exact definition among different 
international societies, RSA is an important health issue 
(15-17). With the implementation of second child policy 
in China, many couples are now having difficulty getting 
pregnant or facing the problem of pregnancy loss when 
expecting a second baby, thus the issue of RSA will 
continuously affect an increasing number of couples. 
Therefore, it is essential to investigate the etiology of 
RSA for complete evaluation and targeted treatment 
provided to couples with a history of RSA during a 
subsequent pregnancy.
	 The causes of RSA are complicated, involving 
genetics, uterine anomalies, hormonal or metabolic 

3.2. The details of embryonic abnormalities

Details of embryonic abnormalities are presented in Table 
2. The most frequent type of chromosomal abnormalities 
was aneuploidy (247/393, 62.8%), followed by structural 
abnormalities (83/393, 21.1%), unbalanced structural 
abnormalities (45/393, 11.5%), mosaicism not involving 
sex chromosomes (12/393, 3.1%), and sex chromosome 
mosaicism (6/393, 1.5%). 
	 Most patients with abnormal karyotypes fell among 
age groups 25-29 and 30-34 (Table 3). The average age 
for women with aneuploidy, structural abnormalities, 
and mosaicism (involving both sex chromosomes and 
autosomes) was 32.59 ± 4.86, 30.68 ± 4.53, and 32.11 ± 
6.37, respectively. The distribution profile of abnormal 
karyotypes varied slightly among different age categories 
(Figure 2). Aneuploidy was still the most common form 
of abnormal karyotype among all age categories. The 
highest aneuploidy rate was among women between 20 
and 24 years of age (72.7%), and the lowest rate occurred 
in those aged 25-29 (55.1%). Structural abnormalities 
were the second most common form of abnormal 

Table 1. Age distribution of two groups

Age

Age (year), mean ± SD
Age (year), median (range)
Age category, n (%) 
    20-24
    25-29
    30-34
    35-39
    ≥ 40

Normal karyotype (n = 382)

30.67 ± 4.03
30 (21, 45)

  13 (3.4%)
156 (40.8%)
147 (38.5%)
  54 (14.1%)
  12 (3.1%)

Abnormal karyotype (n = 364)

32.23 ± 5.02
32 (20, 45)

  11 (3.0%)
118 (32.4%)
122 (33.5%)
  76 (20.9%)
  37 (10.2%)

P

< 0.001

< 0.001

Figure 1. Distribution of embryonic karyotypes among 
different age categories. Among 24 women aged 20-24, the 
proportion of abnormal embryonic karyotype was 45.83%, 
and the normal embryonic karyotype proportion was 54.17%. 
Among 274 women aged 25-29, the percentages of abnormal 
karyotypes and normal karyotypes were 43.07% and 56.93%, 
respectively. Among 269 women aged 30-34, the abnormal 
karyotype proportion was 45.35%, and the normal karyotype 
was 54.65%. Among 130 women aged 35-39, the abnormal 
karyotype versus normal karyotype proportion was 58.46% 
versus 41.54%. Among 49 women aged over 40, the proportion 
of abnormal karyotype was 75.51%, and the normal karyotype 
proportion was 24.49%.
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disorders, infection, reproductive immunity, and 
thrombophilias. Genetic factors include abnormal 
karyotypes, mutations, genetic polymorphisms, and 
so on. Previous studies have suggested that abnormal 
embryonic karyotype is one of the most common causes 
of RSA. Abnormal karyotypes contribute to the majority 
of miscarriages, accounting for about 51% in patients 
with RSA and up to 76.3% in women with sporadic 
abortion (18). Consistent with other studies (10,19), 
we observed that about half of our RSA abortus had 
abnormal karyotypes (393/781, 50.3%). In addition, 

previously diagnosed abnormal embryonic karyotypes 
can be a predictor of subsequent miscarriages. It was 
reported that for patients who had been diagnosed with 
abnormal embryonic karyotype in the first determination, 
76.2% of them had a subsequent abnormal embryonic 
karyotype (5). 
	 The common types of chromosomal abnormalities 
include aneuploidy, structural abnormalities, unbalanced 
structural abnormalities, and mosaicism. It is reported 
that in older women (over 35 years old) with RSA, 
the majority of miscarriages are caused by fetal 

Table 3. Major karyotype abnormalities by age categories

Age category (year)

20-24
25-29
30-34
35-39
40 +
Missing

Aneuploidy (n, %)

  8 (72.7%)
65 (55.1%)
82 (67.2%)
53 (69.7%)
24 (64.9%)
15 (51.7%)

Structural abnormalities (n, %)

  1 (9.1%)
35 (29.7%)
23 (18.9%)
13 (17.1%)
  2 (5.4%)
  9 (31.0%)

*Mosaicism: involving both sex chromosomes and autosomes.

Mosaicism* (n, %)

1 (9.1%)
5 (4.2%)
7 (5.7%)
3 (4.0%)
2 (5.4%)
0 (0%)

Other (n, %)

   1 (9.1%)
 13 (11.0%)
 10 (8.2%)
   7 (9.2%)
   9 (24.3%)
   5 (17.2%)

Total (n)

     11
   118
   122
     76
     37
     29

Table 2. Karyotypes of 781 RSA patients

Karyotype

Normal karyotype
Abnormal karyotype
Aneuploidy
     Autosomal monosomy
     Autosomal trisomy
          47, XN,+2
          47, XN,+3
          47, XN,+4
          47, XN,+5
          47, XN,+6
          47, XN,+7
          47, XN,+8
          47, XN,+9
          47, XN,+10
          47, XN,+11
          47, XN,+12
          47, XN,+13
          47, XN,+14
          47, XN,+15
          47, XN,+16
          47, XN,+17
          47, XN,+18
          47, XN,+20
          47, XN,+21
          47, XN,+22
     Autosomal double trisomy
     Turner syndrome (45,XO)
     Triple X syndrome (XXX)
     Jacob's syndrome (47,XYY)
     Triploidy 69XXY
Structural abnormalities
     Deletion 
     Duplication 
Unbalanced translocation  
Mosaicism not involving sex chromosomes
Sex chromosome mosaicism
Unbalanced structural abnormalities  

  n

388
393

    6

    6
    3
    6
    2
    4
    6
    3
    2
    1
    1
    2
  10
    3
  15
  69
    1
    5
    1
  21
  28
  13
  30
    2
    2
    5

  16
  54
  13
  12
    6
  45

% of total patients

49.7%
50.3%

  0.8%

  0.8%
  0.4%
  0.8%
  0.3%
  0.5%
  0.8%
  0.4%
  0.3%
  0.1%
  0.1%
  0.3%
  1.3%
  0.4%
  1.9%
  8.8%
  0.1%
  0.6%
  0.1%
  2.7%
  3.6%
  1.7%
  3.8%
  0.3%
  0.3%
  0.6%

  2.0%
  6.9%
  1.7%
  1.5%
  0.8%
  5.8%

% of patients with abnormal karyotype

  1.5%

  1.5%
  0.8%
  1.5%
  0.5%
  1.0%
  1.5%
  0.8%
  0.5%
  0.3%
  0.3%
  0.5%
  2.5%
  0.8%
  3.8%
17.6%
  0.3%
  1.3%
  0.3%
  5.3%
  7.1%
  3.3%
  7.6%
  0.5%
  0.5%
  1.3%

  4.1%
13.7%
  3.3%
  3.1%
  1.5%
11.5%



www.biosciencetrends.com

BioScience Trends. 2018; 12(1):32-39.36

chromosomal abnormalities (20), which is consistent 
with our study. It is proved that aneuploidy of embryonic 
chromosome increases dramatically with increasing 
maternal age. Hassold et al. have reported that the 
incidence of trisomy is about 2% when mothers are 
in their 20s, while about 35% of women in their 40s 

are carrying babies with trisomies (21). Meanwhile, a 
study by Kroon et al. showed that the rate of embryonic 
aneuploidy from women aged over 35 was significantly 
higher than that in the group of ≤ 35 years old (45.7% 
vs 34.8%) (22). Our study also showed a sharp increase 
of trisomies when the maternal age exceeded 35 years 

Table 4. Selected karyotypes with known clinical indications

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

                 Karyotype 

46,XY,del(7)(q11.23)

46,XY,del(8)(p23.3p21.2)

46,XY,del(8)(p23.3p11.23)

46,XY,del(5)(p15.33p14.3)

46,XX,del(22)(q11.23q12.1)

46,XX,del(7)(q36.3)

46,XY,del(7)(q11.23)

46,XN,del(11)(q24.1-q25)

46,XN,del(Xp22.31).[GRCH37/
hg19](6.48Mb-8.14Mb)×1

46,XN,dup(5)(q31.1q35.3)

46,XN,dup(X)(q28)

46,XN,dup(1)(p32.3)

46,XN,dup(14)(q11.2)

46,XN,dup(17)(q21.31)

47,XY,+15,del(16)(p11.2)

47,XX,+2,del(16)(p13.11)

46,XX/47,XX,+19,dup(16)(p13.3)

47,XN,+9,dup(16)(p11.2)

                                                                         Indications

Chromosome 7q11.23 deletion syndrome

Chromosome 8p23.1 deletion syndrome. Deleted fragments contain many genes such as ZNF596 and 
FBXO25.

Chromosome 8p deletion syndrome

Cri du Chat Syndrome -5p deletion. Deleted fragments contain many genes such as PLEKHG4B and 
LRRC14B. 

Chromosome 22q11.2 distal deletion syndrome

Acheiropody and preaxial polydactyly, Currarino syndrome, and Holoprosencephaly 3

Chromosome 7q11.23 deletion syndrome

Jacobsen syndrome

Steroid sulphatase deficiency (STS)

The duplicated fragment includes the NKX2-5 gene, which is associated with Tetralogy of Fallot and 
autism.

The duplicated fragment includes genes such as IDS and MAGEA8. Reported cases with this 
duplication show retarded language development, mental retardation, head and facial deformity, and 
toe deformity. 

The duplicated fragment includes genes such as DHCR24, which is associated with physical and 
mental retardation.

The duplicated fragment includes genes such as OR11H2 and OR4Q3, and OR4Q3 is associated with 
congenital ectodermal dysplasia syndrome.

The duplicated fragment includes genes such as SOST and DUSP3, and SOST is associated with 
craniodiaphyseal dysplasia; Chromosome 17q21.31 duplication syndrome

Chromosome 16p11.2 deletion syndrome

16p13.11 recurrent microdeletion

Chromosome 16p13.3 duplication syndrome

The duplicated fragment includes genes such as CD19 and ATXN2L. Cases with duplication in this 
area show mental retardation. 

Figure 2. Distribution profile of abnormal karyotypes 
among different age categories. Comparison of the 
distribution profile of abnormal karyotypes among different age 
categories. *Mosaicism: involving both sex chromosomes and 
autosomes.

Figure 3. Distribution profile of autosomal trisomies among 
different age categories. Comparison of the distribution 
profile of autosomal trisomies among different age categories.
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old. The existing evidence leads to the conclusion that 
advancing maternal age is associated with the increasing 
possibility of miscarriage. Over 90% of embryonic 
trisomies are caused by errors in paternal and maternal 
gametogenesis, and most of these errors occur in oocyte 
meiosis, while some others occur during the first few 
mitotic divisions of the fertilized ovum (23,24). A review 
by Chiang stated that the majority of abortus trisomies 
were maternal rather than paternal (25-30), and it was the 
aging oocyte rather than the uterus to blame (31,32).
	 In our study, among all the trisomies found in 
the abortuses, trisomy-16 is the most common type, 
which is in accordance with the study by Jia et al. (33). 
Further investigation into all these types of trisomies 
leads to an observation that trisomy-16 has hardly been 
found in live births, while fetuses with other types of 
trisomies may live with certain types of malfunctions 
(34-37). The exact mechanism of trisomy-16 being 
lethal is still unclear. 
	 We employed NGS for karyotype analysis in this 
study. Compared with the traditional chromosome 
karyotyping method, NGS has its advantages in 
methodology, specifically in resolution and coverage. 
Our results have proved that NGS is both efficient and 
reliable; however, there are drawbacks to its use. The 
final result of NGS is formed by assembling various 
lengths of fragmented reads together with stringent 
algorithms applied to ensure the accuracy of the process. 
Therefore, one concern is false positive results, which are 
inevitable due to the large volume of acquired data. So 
NGS results should be interpreted in combination with 
other evidence. Another concern is that only part of the 
NGS result is of clinical significance. 
	 Although abnormal karyotypes are confirmed 
in nearly half of the abortuses, the proportion of 
abnormal karyotypes in the parents is notably slight, at 
a percentage ranging from 2.78% to 4.32% in several 
retrospective studies (38-40). Miscarriages caused 
by abnormal karyotypes can occur in couples with 
normal chromosome karyotypes. The detective rate 
of abnormal karyotypes between villus of abortus and 
parental peripheral blood is significantly different, as 
is the abnormal karyotype profile. Studies have shown 
that abnormal chromosomal karyotypes in peripheral 
blood samples of RSA couples mainly involve balanced 
translocation, Robertsonian translocation, inversions, and 
X chromosome inactivation (41). Structural abnormalities 
with balanced translocations are the most common type 
of karyotype abnormalities detected in RSA couples, 
accounting for 3%-6% of the total abnormalities 
depending on the population studied (42,43). Incidence 
of reciprocal translocations is one in 500 live births, 
and the carriers may present normal physical and 
intellectual development. However, they are at risk for 
having genetically abnormal offspring because of the 
occurrence of unbalanced translocations in germ cells. 
Even if those germ cells with unbalanced translocations 

are fertilized and developed into embryos, most of them 
end up with pregnancy loss. Preimplantation genetic 
diagnosis is now utilized to help couples with detected 
abnormal chromosomal karyotypes to analyze and 
select genetically healthy embryos before implantation, 
which greatly improves pregnancy outcomes. 
Robertsonian translocation occurs in about 1/1,000 of 
the general population (44). The RSA rate in couples 
with Robertsonian translocation is significantly higher 
(45,46). A study by Kolgeci revealed that Robertsonian 
translocation between 15q;15q resulted in intrauterine 
death and spontaneous failures of all pregnancies (45).
	 There are a few limitations in the current study. 
We only collected information of fetal chromosomal 
aberrations and maternal age; the recommended 
chromosome analysis of both parents in RSA cases has 
not been performed. In addition, the distributions of 
recognized RSA risk factors such as antiphospholipid 
syndrome (APS) and major uterine anomaly of the 
patients should be further studied. It is estimated that the 
percentage of truly unexplained causes of RSA is around 
25% (47). 
	 In summary, our study suggests that abnormal 
embryonic karyotype is a main factor in RSA. A well-
structured prenatal diagnosis, both clinically and 
genetically, and preimplantation genetic diagnosis 
for couples with detected abnormal chromosomal 
karyotypes, along with healthy life styles may be 
beneficial to improve reproductive outcomes for RSA 
couples.
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Supplementary Table 1. Geographic distribution of the patients

Region

Metropolitan Shanghai
Zhejiang Province
Jiangsu Province
Fujian Province
Anhui Province
Hubei Province
Jiangxi Province
Henan Province
Shandong Province
Sichuan Province
Xinjiang Uygur Autonomous Region
Hebei Province 
Gansu Province
Yunnan Province 
Heilongjiang Province 
Missing data

          Normal karyotype (n = 388)

	   n	     %

	 135	 34.8%
	   23	 6.0%
	   22	 5.7%
	     4	 1.0%
	     9	 2.3%
	     3	 0.8%
	     6	 1.5%
	     1	 0.3%
	     2	 0.5%
	     1	 0.3%
	     0	 0.0%
	     1	 0.3%
	     0	 0.0%
	     0	 0.0%
	     1	 0.3%
	 180	 46.4%

      Abnormal karyotype (n = 393)

	   n	     %

	 265	 67.4%
	   37	 9.4%
	   37	 9.4%
	     6	 1.5%
	     6	 1.5%
	     4	 1.0%
	     3	 0.8%
	     3	 0.8%
	     3	 0.8%
	     2	 0.5%
	     2	 0.5%
	     1	 0.3%
	     1	 0.3%
	     1	 0.3%
	     0	 0.0%
	   22	 5.6%
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FL118, a novel camptothecin analogue, suppressed migration and 
invasion of human breast cancer cells by inhibiting epithelial-
mesenchymal transition via the Wnt/β-catenin signaling pathway

Zhihong Yang, Lixia Ji, Guohui Jiang*, Ranran Liu, Zhantao Liu, Yuecheng Yang, Qingxia Ma, 
Hongqin Zhao

Department of Pharmacology, School of Pharmacy, Qingdao University, Qingdao, Shandong, China.

1. Introduction

Breast cancer is currently the leading cause of cancer-
related deaths in women (1). Worldwide, more than 1.7 
million women were diagnosed with breast cancer and 
521,900 women died from breast cancer in 2012 (1). 
According to data from the National Central Cancer 
Registry of China, breast cancer alone is expected to 
account for 15% of all new cancers in women in 2015 
(2). Invasion and metastasis, which are estimated to be 
responsible for approximately 90% of all cancer deaths, 
are the primary factors that result in the failure of breast 

cancer treatment (3,4). Medications that can suppress 
invasion and metastasis of breast cancer are greatly 
needed in clinical settings (5,6). 
	 Studies revealed that epithelial-mesenchymal 
transition (EMT) is one of the major molecular 
mechanisms promoting cancer invasion and metastasis 
(7-9). EMT is a biological process that allows a polarized 
epithelial cell, which normally interacts with the 
basement membrane via its basal surface, to undergo 
multiple biochemical changes that enable it to assume a 
mesenchymal cell phenotype, which includes enhanced 
migratory and invasive capacities (10). Studies have 
reported that Wnt/β-catenin is among the main pathways 
that regulate EMT, which may be the key mechanism 
that mediates breast cancer progression (11,12). Agents 
that target Wnt/β-catenin and downstream molecules 
such as survivin and cyclin D1 have a potent inhibitory 
effect on cell proliferation, invasion, and metastasis in 

Summary The aim of the current study was to investigate the effects of FL118, a novel camptothecin 
analogue, on migration and invasion of human breast cancer cells and the underlying 
mechanisms of those effects. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium 
bromide (MTT) assay and a plate clone formation assay were used to examine inhibition 
of the proliferation of MDA-MB-231 cells by FL118. Cell cycle distribution was detected 
using flow cytometry. A wound healing assay and a transwell assay were performed to detect 
the effects of FL118 on migration and invasion of MDA-MB-231 cells, respectively. qRT-
PCR, Western blotting, and immunocytochemistry were used to study the effects of FL118 
on expression of epithelial-mesenchymal transition (EMT)-related molecules and Wnt/
β-catenin signaling components in MDA-MB-231 cells. The current results indicated that 
FL118 inhibited the proliferation, migration and invasion of MDA-MB-231 cells in a dose- 
and time-dependent manner. FL118 caused MDA-MB-231 cells to accumulate in the S phase. 
FL118 significantly suppressed the expression of vimentin while enhancing the expression of 
E-cadherin. Moreover, decreased expression of β-catenin and its targets survivin and cyclin Dl 
was detected in the nucleus of MDA-MB-231 cells. Taken together, the current results suggest 
that FL118 inhibited Wnt/β-catenin signaling, leading to suppressed EMT and decreased 
migration and invasion of breast cancer cells.
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breast cancer (13-15). 
	 FL118, a novel camptothecin analogue, was first 
discovered in high-throughput screening for survivin 
inhibitors in a previous study by the current authors (16). 
FL118 was found to display potent anticancer activity 
against several different types of cancer both in vitro 
and in vivo (17-20). Moreover, its antitumor activity was 
superior to that of several camptothecin analogues, such 
as irinotecan and topotecan, that have been approved by 
the FDA for cancer treatment (21,22). FL118 is rapidly 
cleared from circulation and it effectively accumulates in 
tumors with a long half-life of elimination, suggesting its 
potential for use in cancer therapy (18,20). However, the 
effects of FL118 on breast cancer invasion and metastasis 
have not been reported. 
	 The current study used an aggressive breast cancer 
cell line, MDA-MB-231, to examine the effects of FL118 
on migration and invasion of human breast cancer and 
the mechanisms for those effects. The aim of this study 
was to determine whether FL118 would suppress cell 
migration and invasion and to identify the molecular 
mechanisms for that anticancer activity.

2. Materials and Methods

2.1. Reagents and antibodies

FL118, 11-methylenedioxy-camptothecin (Figure 1), 
was obtained from a cooperating lab, the American 
Roswell Park Cancer Institute (RPCI), and was dissolved 
with dimethyl sulphoxide (DMSO). Antibodies against 
survivin, E-cadherin, vimentin, and β-actin were 
purchased from Santa Cruz Biotechnology, Inc. (Santa 
Cruz, CA, USA). Antibodies against β-catenin, lamin 
B1, and cyclin D1 were purchased from Abcam, Inc. 
(Cambridge, MA, USA).

2.2. Cell line and cell culture

MDA-MB-231 cells were donated by Prof. Luo Bing 
(Department of Microbiology, Qingdao University, 
Qingdao, Shandong, China). Cells were cultured in 
RPMI 1640 medium supplemented with 10% fetal 
bovine serum (FBS) and 1% antibiotic-antimycotic 
(Hyclone Laboratories, Inc., Logan UT) at 37℃ in a 5% 
CO2 atmosphere.

2.3. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay

Cell proliferation was assessed with an MTT assay. Cells 
were incubated in 96-well plates (5 × 103 cells/well) 24 h 
prior to treatment. The cells were then treated with FL118 
(0, 1, 10, 100, and 200 nM) for 24, 48, 72, and 96 h and 
incubated with MTT (5 mg/mL) for 4 h. The culture 
medium was then replaced with 100 μL DMSO. The 
optical density (OD) value for each well at 490 nm was 

measured with a Microplate Reader (BioTek, Winooski, 
VT, USA) to assess the degree of cell proliferation (23).

2.4. Plate clone formation assay 

Cells (100/well) were seeded in 6-well plates and treated 
after 24 h. After 12 days, the cells were stained with 
methylrosanilinium chloride. The number of colonies 
containing 50 cells was counted under a microscope. 
Plate clone formation efficiency was calculated using the 
formula: plate clone formation efficiency = (number of 
colonies/number of cells inoculated) × 100%.

2.5. Cell cycle analysis

Cells were incubated in 6-well plates (3 × 104 cells/well) 
overnight and then treated with FL118 (100 nM) for 12, 
24, 36, and 48 h. The cells were harvested and gently 
resuspended in a single cell suspension in fluorescence-
activated cell sorting (FACS) buffer (PBS containing 
2% FBS), followed by drop-wise fixation with 70% 
ethanol at 4℃ overnight. Fixed cells were washed with 
cold PBS and incubated with RNaseA (10 mg/mL) and 
propidium iodide (PI, 1 mg/mL) at 37℃ in the dark for 
30 min, and then analyzed with FACS flow cytometer 
(Backman Coulter) (24). Each assay was repeated in 
three independent experiments. 

2.6. Transwell assay

Cell invasions were analyzed in 24-well transwell 
chambers (8-μm pore size, Corning). About 10 μg/mL 
Matrigel Matrix (Corning Incorporated, New York, USA) 
was used to cover the upper side of the chamber. Cells 
at a concentration of 1 × 105/mL were suspended in 200 
μL of serum-free medium and then seeded into the upper 
chamber, and 650 μL of medium with 15% fetal bovine 
serum was added to the lower chamber. After incubation 
for 48 h, cells that had not invaded were removed from 
the upper surface using cotton swabs. The cells that had 
invaded were fixed in methanol for 20 min, stained with 
0.1% crystal violet, and counted under a phase contrast 
microscope (five different fields per chamber were 
examined).

2.7. Wound healing assay

Cells were seeded in 6-well plates at a density of 106 

41

Figure 1. Chemical structures of FL118 and camptothecin.
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cyclin D1: sense 5'-GCGAGGAACAGAAGTGCG-3' 
and antisense 5'-GGAGTTGT CGGTGTAGATGC-3'; 
and β-actin: sense 5'-ACTCTTCCAGCCTTCCTTC-3' 
and anti-sense 5'-ATCTCCTTCTGCATCCTGTC-3'. 
Following normalization to β-actin, levels of target gene 
expression were calculated using the 2–∆∆CT method.

2.10. Immunocytochemistry

Cells (105/well) were cultured with or without 10 nM 
FL118 on chamber slides for 48 h and then rinsed three 
times with PBS. The cells were subsequently fixed 
with 4% paraformaldehyde for 30 min, permeabilized 
with 0.3% Triton X-100 for 10 min, and then incubated 
with primary antibodies against survivin, E-cadherin, 
vimentin (Santa Cruz, CA, USA), β-catenin, and 
cyclin Dl (ABCAM, Cambridge, MA, USA) overnight 
at 4℃. The cells were rewashed and incubated with 
the appropriate secondary antibodies (ABGENT, San 
Diego, USA) for 1 h in room temperature. Finally, the 
cells were washed and restained with DAB for 3-5 min, 
followed by nuclear staining with hematoxylin. The 
cover slips were observed under a microscope (Eclipse 
E-800, Nikon, Japan). 

2.11. Statistical analysis

Assay results were the average of at least 3 replicates 
from three independent experiments. The data were 
analyzed with the Student's t test and are presented as 
mean ± SD. A p-value of less than 0.05 was considered 
statistically significant.

3. Results

3.1. FL118 inhibited the proliferation of MDA-MB-231 
cells

The effect of FL118 on proliferation of MDA-MB-231 
cells was examined first. An MTT assay was used to 
detect the survival rate of MDA-MB-231 cells after 
treatment with FL118. Results indicated that FL118 
inhibited the growth of MDA-MB-231 cells in a dose- 
and time-dependent manner (Figure 2A). In MDA-
MB-231 cells, the IC50 of FL118 was 414.3 nM at 
48, 102.5 nM at 72 h, and 41.1 nM at 96 h. In a plate 
clone formation assay, FL118 suppressed colony 
formation by MDA-MB-231 cells in a dose-dependent 
manner (Figure 2B). The number of clones that 
formed decreased significantly after FL118 treatment 
compared to that in the control. To further investigate 
the mechanism of FL118-mediated inhibition of 
the proliferation of MDA-MB-231 cells, cell cycle 
distribution was analyzed using flow cytometry at 12, 
24, 36, and 48 h. Results indicated that FL118 treatment 
resulted in a reduction in the percentage of cells in 
the G0/G1 and G2/M phase, while the percentage of S 

cells/well and allowed to reach 100% confluence. 
After treatment with mitomycin C (10 μg/mL, 12 h), 
a scratch wound was created on the cell surface using 
a 200-μL pipette tip. The detached cells were washed 
away with PBS. The medium was changed to serum-
free RPMI-1640 with FL118 (10 or 100 nM), and the 
cells were continuously cultured for 48 h. The wound 
area was photographed with an inverted phase contrast 
microscope (Olympus; magnification, 40×) at 0, 12, 24, 
and 48 h. The migration distance was calculated using 
Image-Pro Plus. 

2.8. Western blot analysis

The cells were washed twice with ice-cold PBS before 
being lysed in 200 μL of RIPA buffer containing 
protease and phosphatase inhibitors. A BCA Protein 
Kit (Beyotime biotechnology, Shanghai, China) was 
used to quantify protein concentrations. Equal amounts 
of protein were separated using 10% SDS-PAGE and 
transferred to PVDF membranes (Millipore, Billerica, 
MA, USA). Membranes were blocked with 5% skim 
milk in TBST for 2 h and incubated with a primary 
antibody overnight. The primary antibodies used in this 
study were as follows: anti-β-actin antibody 1:2,000; 
anti-survivin antibody 1:500; anti-E-cadherin antibody 
1:1,000; anti-vimentin antibody 1:1,000; anti-lamin B1 
antibody 1:2,000; anti-β-catenin antibody 1:5,000; and 
anti-cyclin Dl antibody 1:10,000. The membranes were 
then incubated with the appropriate HRP-conjugated 
secondary antibodies. Protein bands were detected 
with an eECL Western blot kit (CWBIO, China) 
and visualized using autoradiography on x-ray films 
(CWBIO, China).

2.9. Quantitative real-time PCR

Total RNA from treated cells was isolated using 
TRIzol reagent (CWBIO, China) in accordance 
with the manufacturer's instructions. The quality 
and quantity of total RNA were determined with 
a Nano-Drop 1000 Spectrophotometer (Thermo 
Fisher Scientif ic,  Waltham, MA, USA). Total 
RNA was reverse transcribed into cDNA using the 
FAST Quant RT kit (TIANscript, Beijing, China). 
Quantitative real-time PCR reactions were carried 
out on a CFX96 TouchTM Deep Well Real-time PCR 
Detection System (BIO- RAD, California, USA). 
The primers used in this study were: Survivin: sense 
5'-ATACCAGCACTTTGGGAGG-3' and antisense 
5'-AGAAAGGAAAGCGCAACC-3'; Vimentin: sense 
5'-GGAAGAGAACTTTGCCGTTG-3' and antisense 
5'-TGGTATT CACGAAGGTGACG-3'; E-Cadherin: 
sense 5'-CTGAGAACGAGGCTAACG-3' and antisense 
5'-GTCCACCATCATCATTCAATAT-3'; β-catenin: 
sense 5'-TGGTGA CAGGGAAGACATCA-3' and 
antisense 5'-CCATAGTGAAGGCGAACTGC-3'; 
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phase increased significantly (Figure 3). These results 
suggested that FL118 suppressed the proliferation of 
breast cancer cells by halting the cell cycle in the S 
phase.

3.2. FL118 suppressed the invasive and migratory 
capabilities of MDA-MB-231 cells

Tumor cell invasion and migration are critical steps 
in the metastatic process (25). To assess the ability 
of breast cancer cells to invade Matrigel, a transwell 
insert system was used to monitor the process of 
invasion. In this assay, a low concentration of FL118 
that had little effect on cell proliferation was used. 
After treatment with 10 nM of FL118 for 48 h, the 
number of invading MDA-MB-231 cells decreased 
markedly in comparison to the control group, as 
shown in Figure 4A. The effect of FL118 on cancer 
cell migration was examined using a wound healing 
assay. Results indicated that cells treated with 
FL118 at 10 nM or 100 nM had a markedly reduced 
migratory capacity compared to that of the control 
group 24 and 48 h after wound creation (Figure 4B). 
Taken together, these results suggest that FL118 
inhibits the invasion and migration of MDA-MB-231 
cells at low concentrations.

3.3. FL118 increased E-cadherin and decreased vimentin 
expression in MDA-MB-231 cells

The effect of FL118 on the expression of EMT markers, 
including E-cadherin and vimentin, was examined 
in MDA-MB-231 cells using Western blotting, qRT-
PCR, and an immunocytochemistry assay. As shown 
in Figure 5A, the results of Western blotting indicated 
that 10 or 100 nM of FL118 significantly decreased 
vimentin expression while markedly increasing 
E-cadherin expression. Expression of vimentin 
and E-cadherin mRNA in MDA-MB-231 cells was 
examined using qRT-PCR. Results indicated that 
FL118 reduced the level of vimentin mRNA while 
increasing the level of E-cadherin, which is consistent 
with the results of Western blotting (Figure 5B). 
After treatment with FL118, the expression profiles 
of EMT-related markers were verified using an 
immunocytochemistry assay. Consistent with the above 
results, the immunocytochemistry assay indicated that 
the expression of vimentin decreased significantly 
while expression of E-cadherin increased when MDA-
MB-231 cells were treated with 10 or 100 nM FL118 
for 48 h (Figure 5C). All of these results suggest that 

Figure 2. FL118 inhibited the proliferation of MDA-
MB-231 cells. (A) The cells were exposed to various 
concentrations of FL118 for 24, 48, 72, and 96 hours and then 
subjected to an MTT assay. (B) The cells were exposed to 
various concentrations of FL118 for 12 days and their colony 
formation activity was evaluated using a plate clone formation 
assay. **p < 0.01 vs. control.

Figure 3. Cell cycle distribution of MDA-MB-231 cells after 
FL118 treatment. The cells were exposed to 100 nM of FL118 
for 12, 24, 36, and 48 h. Cell cycle distribution in the control 
group (left) and the treatment group (right) was examined using 
flow cytometry.
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low concentrations of FL118 that had little effect on 
cell proliferation markedly suppressed the EMT of 
MDA-MB-231 cells. 

3.5. FL118 decreased the levels of β-catenin, survivin, 
and cyclin D1 in MDA-MB-231 cells 

To investigate whether FL118 suppressed EMT via the 
Wnt/β-catenin pathway, Western blotting and qRT-PCR 
were used to examine changes in protein and mRNA 
levels of β-catenin and its downstream targets survivin 
and cyclin D1. After treatment with 10 or 100 nM of 
FL118 for 48 h, the levels of β-catenin, survivin, and 
cyclin D1 protein and mRNA were down-regulated in 
MDA-MB-231 cells (Figure 6A and 6B). Expression of 
β-catenin, survivin, and cyclin D1 was verified using 
an immunocytochemistry assay. Results indicated 
that β-catenin, survivin, and cyclin D1 expression 
decreased significantly after treatment with FL118 
(10 nM) for 48 h. These results suggest that FL118 
downregulated the Wnt/β-catenin pathway, which may 
have contributed to the inhibition of cell migration and 
invasion by FL118.

Figure 4. FL118 suppressed invasion and migration of 
MDA-MB-231 cells. (A) Effect of FL118 on cell invasion was 
examined using a transwell assay. The cells were exposed to 
10 nM of FL118 for 48 h, and images (100×) from a Matrigel-
coated Boyden chamber were used to count invading cells. **p 
< 0.01 vs. control. (B) The effect of FL118 on cell migration 
was determined using a wound healing assay. The cells were 
exposed to 10 or 100 nM of FL118 for 12, 24, and 48 h, 
respectively, and the wound width was measured at each time 
point. *p < 0.05 and **p < 0.01 vs. control.

Figure 5. FL118 increased E-cadherin while decreasing 
vimentin expression in MDA-MB-231 cells. The cells were 
exposed to 10 or 100 nM of FL118 for 48 h, and E-cadherin 
and vimentin expression was examined using Western blotting 
(A), qRT-PCR (B), and an immunocytochemistry assay (C), 
respectively. *p < 0.05 and **p < 0.01 vs. control.

Figure 6. FL118 decreased the levels of β-catenin, survivin, 
and cyclin D1 in MDA-MB-231 cells. The cells were exposed 
to 10 or 100 nM of FL118 for 48 h, and β-catenin, survivin, 
and cyclin D1 expression was examined using Western blotting 
(A), qRT-PCR (B), and an immunocytochemistry assay (C), 
respectively. *p < 0.05 and **p < 0.01 vs. control.
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4. Discussion

Invasion and metastasis remains a challenge in the 
treatment of breast cancer (26). The MDA-MB-231 
cell line is a well-established cell line used to examine 
cancer metastasis (27), which is why the current study 
examined the effects of FL118 on that cell line. FL118 
at low concentrations that had little effect on cell 
proliferation significantly suppressed migration and 
invasion by MDA-MB-231 cells. FL118 decreased 
the level of vimentin expression while increasing the 
level of E-cadherin, suggesting that it reversed the 
process of EMT. Furthermore, FL118 reduced the level 
of expression of β-catenin and its downstream targets 
cyclin D1 and survivin, implying that the Wnt/β-catenin 
signaling pathway might play a role in the antitumor 
activity of FL118. 
	 EMT plays a key role in tumor metastasis and 
progression. In this significant biological process, 
epithelial cells lose their polarity and cell-cell adhesion, 
and those cells acquire migratory and invasive 
properties to become mesenchymal stem cells (28). 
Loss of the epithelial marker E-cadherin and acquisition 
of the mesenchymal marker vimentin are considered to 
be important characteristics of EMT (28). E-cadherin 
is an adhesion molecule expressed in the epithelioid 
cell phenotype and it plays a key role in the process of 
cancer invasion. Low expression of E-cadherin might 
significantly enhance the invasion and metastasis of 
breast cancer (29). Vimentin is also an important marker 
of mesenchymal cells. The up-regulation of vimentin is 
closely related to invasion by and metastasis and EMT 
of breast cancer cells (30). The current results indicated 
that FL118 effectively increased the expression of 
E-cadherin and it decreased the expression of vimentin 
in MDA-MB-231 cells, supporting the contention 
that FL118 suppresses cell migration and invasion by 
inhibiting EMT. 
	 The Wnt/β-catenin pathway is one of the key 
signaling pathways triggering EMT, and survivin and 
cyclin D1 are known downstream targets of Wnt/
β-catenin signaling (31). The current study thus 
explored whether Wnt/β-catenin signaling was involved 
in the anti-invasive activity of FL118. Results indicated 
that levels of β-catenin expression and its downstream 
targets cyclin D1 and survivin were significantly 
suppressed by FL118. FL118 may accelerate the 
degradation of β-catenin in the cytoplasm, thereby 
suppressing the translocation of β-catenin into 
the nucleus and thus suppressing the expression 
of downstream targets. A study has indicated that 
survivin is an evolutionarily conserved activator of cell 
migration, invasion, and metastatic dissemination (32). 
Cyclin D1 can activate the downstream gene Snail and 
mediate the occurrence of EMT (33,34). Thus, blocking 
of the Wnt/β-catenin signaling pathway by FL118 
presumably contributed to its suppression of migration 

and invasion of breast cancer cells. 
	 In conclusion, this study found that FL118 suppressed 
migration and invasion of breast cancer cells by 
inhibiting EMT via the Wnt/β-catenin signaling pathway. 
These findings revealed new molecular mechanisms 
for the anticancer activity of FL118 and provide an 
experimental basis for the further development of FL118.
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1. Introduction

Minimally invasive approach for colorectal surgery 
promotes functional recovery and reduces length of 
stay without compromising oncological outcome (1-
3). Enhanced recovery after surgery (ERAS) pathways 
advocate minimally invasive surgery to decrease surgical 
stress, morbidity, length of stay and costs (4). ERAS 

care protocols including multimodal pain management 
strategies aim to facilitate recovery by an opioid-
sparing attitude to avoid opioid-related side effects (5). 
Epidurals have been shown to be efficient after open 
surgery (6), and modern pain management strategies 
including intravenous lidocaine, wound infiltration or 
transverse abdominis plane (TAP) block emerge as 
alternatives for minimally invasive surgery (7). Most 
studies comparing open and laparoscopic surgery stated 
less pain after minimally invasive surgery (8,9), but only 
scarce data reporting on pain scores and actual analgesics 
consumption is available.
	 The aims of the present study were to compare pain 
management strategies in patients undergoing open 
and minimally invasive colorectal surgical procedures, 
to analyse pain perception in both settings and to 

Summary The purpose of this prospective cohort study was to compare multimodal pain management 
and pain perception after open vs. laparoscopic colorectal surgery within enhanced recovery 
care. Pain scores at rest and at mobilization were prospectively assessed in consecutive 
patients using Visual Analog Scales (VAS 0-10) and consumption of different analgesics was 
recorded daily until 96 hours postoperatively. Uni- and multivariate risk factors for pain 
peaks (≥ 4/10) were identified by logistic regression and compared between two propensity 
score matched groups (open vs. laparoscopic). 156 open and 176 laparoscopic procedures were 
included. Mean VAS scores were consistently < 3 until 96 hours at rest and at mobilization. 
Patients operated by laparoscopy experienced more pain peaks (≥ 4) within 24 hours (p < 
0.05), while patients operated by open approach experienced more pain peaks (≥ 4) during 
mobilization at 72 hours (p < 0.05). Independent risk factors for insufficient pain control 
(≥ 4) within 24 hours from surgery were duration of the procedure (OR 3.37, 95%CI 2.03-
5.59), emergency surgery (OR 3.01, 95%CI 1.72-5.31), wound infiltration (OR 3.23, 95%CI 
0.97-10.70), age < 70 years (OR 2.03, 95% CI 1.18-3.48) and ASA I-II score (OR 2.06, 95% 
CI 1.19-3.56). The perioperative adding of lidocaine ± ketamine to opioids did not improve 
postoperative pain perception nor decrease morphine equivalents. In conclusion, overall 
pain scores were low after colorectal surgery. However, pain peaks remained a concern early 
after minimally invasive surgery and after epidural removal for open surgery. Multimodal 
strategies were not superior to opioids alone.
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identify risk factors for insufficient pain control in the 
postoperative period.

2. Materials and Methods

2.1. Study design

This is a prospective cohort study including all consecutive 
adult patients (≥ 18 years) who underwent elective or 
emergent colorectal surgery in the Department of Visceral 
Surgery at Lausanne University Hospital (CHUV), 
Switzerland, between January 2014 and April 2015. 
Perioperative confusion or language disorders represented 
exclusion criteria. For patients operated several times, only 
the first procedure was retained for the present analysis.
	 The prospective pain database was part of a quality 
improvement project and informed consent was waived 
by the Institutional Review Board. The study was 
carried out in line with the STROBE statement (10) 
and registered under www.researchregistry.com (UIN 
researchregistry 2292).

2.2. Surgical details

Colorectal surgical procedures included open and 
minimally invasive surgeries. Converted procedures 
were accounted for in the minimally invasive group 
in an intention-to-treat analysis. Rectum resection, 
proctocolectomy and total colectomy were regrouped as 
extended surgery, in contrast to segmental colectomy, 
stoma procedures (i.e. ileostomy closure and Hartmann 
reversal) and small bowel surgery. Small bowel surgery 
regrouped segmental resections of the terminal ileum and 
different procedures related to Crohn's disease. Further 
were recorded the setting (elective vs. emergency) and 
the duration of the procedure. All patients were treated 
within a comprehensive Institutional enhanced recovery 
(ERAS) protocol (11) with standardized care maps.

2.3. Pain management

Type and amount of administered analgesics was recorded 
in a prospectively maintained database. Intraoperatively, 
fentanyl or sufentanyl were administered in most 
patients followed by paracetamol, metamizole and 
ibuprofen (according to ERAS caremap) at the end of 
the procedure unless contraindicated. Perioperative pain 
was managed as follows: Epidural analgesia (EDA) 
was applied for open procedures unless contraindicated 
(anticoagulant therapy, sepsis or patient refusal) and 
maintained for 48 or 72 hours according to ERAS 
protocol and type of surgery with a relay medication 
comprising oxycodone (oxycontin® and oxynorm®). 
EDA was inserted at thoracic level (Th 8-10) before 
induction, and iterative boluses of bupivacaïne 0.25% 
or 0.5% were administered during the intervention, 
followed by a solution containing bupivacaine 0.0625%, 

fentanyl 2 ug/mL and adrenaline 2 ug/mL for the 
postoperative period. For minimally invasive procedures 
and open procedures with EDA contraindication, iv 
lidocaine (1.5 mg/kg for induction, then 2 mg/kg/h until 
recovery room) (12) and iv ketamine (0.25 mg/kg bolus 
followed by 0.25 mg/kg/h, maximum 1mg/kg) (13) were 
applied unless contraindicated (lidocaine: hepatic failure 
or lidocaine intolerance, ketamine: age > 70 years, 
ischemic heart disease or psychotic pathology). As an 
alternative, ultrasound-guided transversus abdominis 
plane (TAP) blocks and surgical wound infiltration using 
bupivacaine 0.25% or naropin 0.25% were applied upon 
anaesthesiologists' discretion.
	 Postoperative use of opioids (morphine, oxycodone, 
buprenorphine, tramadol) were recorded from recovery 
room (RR) until 96 hours postoperatively. 
	 Standardized conversion factors were used to 
calculate morphine equivalents (14): iv or sc morphine 
(3×), oral oxycodone (2×), oral buprenorphine (75×), 
oral tramadol (0.1×). Total morphine equivalents were 
recorded for the following time periods: 24 h (including 
RR until the end of the first postoperative day), 48 h, 72 
h and 96 h.

2.4. Data collection

Data regarding different demographic (age, gender, 
body mass index (BMI) and American Society of 
Anaesthesiologists (ASA) score), surgery- and pain 
management-related items as specified above was 
entered in a computerized database, which was 
prospectively maintained by the anaesthesiology care 
team (MC and CB) and a dedicated study nurse. Visual 
analogue scales (VAS) were used by two clinical nurses 
to assess pain at rest and at mobilization (0: no pain-10: 
maximal pain) at the following time points: RR, arrival 
patient's room, 2 h, 6 h, 12 h, 24 h, 36 h, 48 h, 72 h and 
96 h. Clinical nurses were blinded to pain management 
protocols and/or actual pain medication consumption 
of the patient. Insufficient pain control was defined as 
VAS score of ≥ 4 (15). 

2.5. Outcomes/study endpoints

The primary endpoint was postoperative pain perception 
as measured by VAS. After propensity score matching, 
patients experiencing insufficient pain control (VAS 
≥ 4) were compared with patients with sufficient pain 
control (VAS < 4), and independent risk factors for 
insufficient pain control within 24 hours from surgery 
were identified by multivariate logistic regression.

2.6. Statistical analysis

Anonymized data analysis was performed using the 
Stata Software v. 14.2 (StataCorp, College Station, 
TX, USA). Categorical data was summarized as raw 
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underwent colorectal procedures during the study period. 
One hundred and fifty-six (47%) were performed by 
an open approach, while 176 (53%) were performed by 
laparoscopy. Nineteen (6%) laparoscopic procedures 
were converted to open approach and remained 
assigned to minimal invasive procedures according to 
the intention-to-treat principle. Demographic, surgery-
related and pain management-related items before 
propensity score matching are displayed in Table 1.

3.2. Pain scores

Propensity score matching of the two groups (open 
vs. laparoscopic) led to a dropout of 125 patients 

frequencies and group percentages. Differences in 
categorical data distributions between groups were 
assessed using the chi-squared test, or the Fisher's exact 
test in case of insufficient sample size. Continuous 
data distribution was analyzed using Normal QQ-
Plots. Gaussian data were summarized as mean and 
standard deviation (SD), while non-Gaussian data were 
summarized as median, interquartile range (IQR) and 
range. Differences in means between two groups for 
Gaussian data were assessed using the Student's t-test. 
Differences in distribution between two groups for non-
Gaussian data were assessed using the Wilcoxon-Mann-
Whitney ranksum test. 
	 As the two study groups (open vs. laparoscopic) 
differed on several major characteristics, propensity 
score matching was performed. The propensity score 
was derived using a probit regression model with the 
following cofactors: age, gender, ASA score, surgery 
type (right colectomy, left colectomy, stoma procedure, 
rectum resection, small bowel) and setting (elective vs. 
emergency). Matching of the laparoscopic group to the 
open group was performed to the nearest neighbour 
with replacement. Figure 1 shows the Kernel plot of the 
propensity score. Univariate and multivariate logistic 
regression was used to assess the association between 
several factors and binary outcomes. A p-value < 0.05 
was considered statistically significant. 

3. Results

3.1. Patients

Three hundred and thirty-two consecutive patients 

Table 1. Demographic, surgical and anaesthesia-related items

Items

Age (years) (median, IQR)
Gender
     Female (%)
     Male (%)
BMI (kg/m2) (median, IQR)
ASA group
     I-II (%)
     III-IV (%)
Type of surgery (%)
     Left colectomy
      Right colectomy
      Rectum resection
      Stoma procedure
      Small bowel
Extended (%)     
Emergency (%)
Duration of surgery (min) (median, IQR)
Duration of procedure (min) (median, IQR)
Epidural (%)
Lidocaine (%)
TAP Block (%)
Infiltration (%)

All patients (n = 332)

64, 53-75

159 (48)
173 (52)
25, 21-28

214 (65)
118 (36)

  73 (22)
  60 (18)
  44 (13)
  74 (22)
  81 (25)
  51 (15)
100 (30)
175, 113-243
220, 152-298
  72 (22)
114 (34)
  27 (8)
  38 (11)

Open (n = 156)

68, 56-78

  70 (45)
  86 (55)
24, 21-29

  86 (55)
  70 (45)

  14 (9)
  22 (14)
  14 (9)
  69 (44)
  37 (24)
  15 (10)
  48 (31)
163, 98-224
205, 140-276
  57 (37)
  17 (11)
  20 (13)
  25 (16)

MI – Body Mass Index, ASA – American Society of Anesthesiologists, TAP – Transversus Abdominis Plane. Bold characters indicate significant 
values (p < 0.05).

Minimal invasive (n = 176)

62, 51-72

  89 (51)
  87 (49)
25, 21-28

128 (73)
  48 (27)

  59 (34)
  38 (22)
  30 (17)
    5 (3)
  44 (25)
  36 (21)
  52 (30)
181, 124-261
235, 163-306
  15 (9)
  97 (55)
    7 (4)
  13 (7)

   P

   0.004
   0.3

   0.581
< 0.001

< 0.001

   0.006
   0.808
   0.016
   0.014
< 0.001
< 0.001
   0.003
   0.014

Figure 1. Propensity score matching. Kernel density plot 
with comparison of the two groups (open vs. minimally 
invasive) before (above) and after (below) propensity score 
matching.
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(38%) (Figure 1). Mean VAS scores for pain were 
< 3 for both comparative groups throughout the 
entire postoperative observation period, at rest and at 
mobilization. Mean VAS scores for minimal-invasively 
operated patients were significantly higher than for 
open procedures until 48 hours, at rest and mobilization 
(p < 0.05), while patients undergoing open procedures 
had significantly higher mean VAS scores at 72 and 
96 hours at mobilization (p < 0.05) (Figure 2). More 
patients operated by minimally invasive surgery had 
insufficient pain control (VAS≥4) at 24 hours (19% vs. 
5%, p < 0.05), while more patients in the open group 
experienced pain peaks (≥ 4) during mobilization 
at 72-96 hours (45% vs. 22%, p < 0.05) (Figure 3). 
Among the minimally invasive procedures, mean 
scores were similar throughout the observed time 
span when comparing patients receiving opioids only, 
patients receiving opioids and lidocaine and patients 
receiving opioids, lidocaine and ketamine, at rest 
and at mobilization (Figure 4). Morphine equivalent 
consumption was similar when comparing these 3 
groups (Figure 4c).

3.3. Risk factors for insufficient pain control (VAS ≥ 4) 
within 24 hours

Independent risk factors for insufficient pain control (≥ 
4) were duration of procedure (Odds Ratio (OR) 3.37, 
95% Confidence Interval (CI) 2.03-5.59), emergency 
surgery (OR 3.01, 95%CI 1.72-5.31), wound infiltration 
(OR 3.23, 95%CI 0.97-10.70), age < 70 years (OR 2.03, 
95% CI 1.18-3.48) and ASA I-II score (OR 2.06, 95% CI 
1.19-3.56) (Figure 5).

4. Discussion

Despite overall low pain scores throughout the 
observed time span, insufficient pain control (VAS ≥ 4) 
represented a problem in the early postoperative phase 
in patients operated by minimal invasive approach, 
while open procedures were associated with pain peaks 
(≥ 4) at 72-96 hours. This coincides with retrieval of 
epidurals within ERAS care and hence insufficient 
management of pain relay. Further, multimodal pain 
management concepts did not appear to be beneficial in 

Figure 2. Evolution of pain scores over time (a) at rest, (b) 
at mobilization. Evolution of mean pain scores over time by 
comparing open and minimally invasive procedures at rest and 
at mobilization. × indicates statistical significance (p < 0.05). 
VAS – Visual Analog Scale, S.E.M. – Standard Error of the 
Mean, Recovery – Recovery room, Room – Arrival patient's 
room, h – hours.

Figure 3. Patients with insufficient pain control (VAS ≥ 
4) (a) at rest, (b) at mobilization. Percentage of patients 
experiencing pain peaks (VAS ≥ 4) over time by comparing 
open and minimal invasive procedures at rest and at 
mobilization. × indicates statistical significance (p < 0.05). VAS 
– Visual Analog Scale, 95% CI – 95% Confidence Interval
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the present cohort.
	 Adequate pain control after major abdominal 
surgery is the major concern of patients before surgery 
and directly related to their opinion on caregivers 
(16,17). Pain management is one important item of 

ERAS in colorectal surgery (18). Mid-thoracic epidural 
anaesthesia (EDA) is advocated for open procedures (6), 
while the evidence is less clear for minimal invasive 
surgery. EDA was associated with controversial 
results regarding postoperative morbidity (19,20) 
and slowed down recovery after laparoscopic surgery 
without evident benefits in recent randomized trials 
(21,22). Instead, numerous alternatives for peri- and 
postoperative pain management have been suggested 
for minimal invasive surgery, and the combination of 
different strategies in a multimodal concept has been 
advocated (7,23). However, despite this diversity, pain 
remains undermanaged even within enhanced recovery 
protocols (24), and a recent meta-analysis did not show 
any superiority of pain management within ERAS care 
regarding pain scores, length of stay and functional 
recovery (25). 
	 Multimodal pain management strategies including 
non-opioid analgesia (i.e. acetaminophen and non-
steroidal anti-inflammatory drugs), local infiltration 
or TAP blocks and intravenous lidocaine aim to 
decrease opioid consumption. This is important within 
enhanced recovery protocols, since opioids have 
been shown to impede prompt functional recovery 
by favoring postoperative nausea and vomiting, ileus 
and respiratory depression (24). However, despite a 
consensus for opioid-sparing management, multimodal 
treatment is not standardized, as shown by a recent 
large quality improvement survey (26), and opioids 
in different forms and combinations including patient 
controlled analgesia remain a mainstay of postoperative 
pain management (27).
	 In the present analysis, all patients were treated 
within an enhanced recovery protocol, and thus opioid-
sparing therapy was part of perioperative care. EDA, 
intravenous lidocaine, TAP block and wound infiltration 
were used in different combinations according to 

Figure 4. Pain scores and morphine requirements after 
laparoscopy (a) at rest, (b) at mobilization. Evolution of 
mean pain scores over time by comparing minimally invasively 
operated patients receiving perioperative opiates, opiates and 
lidocaine or opiates, lidocaine and ketamine. (c) Morphine 
requirements. Mean morphine equivalent consumption over 
time by comparing minimally invasively operated patients 
receiving perioperative opiates, opiates and lidocaine or opiates, 
lidocaine and ketamine. VAS – Visual Analog Scale, 95% CI – 
95% Confidence Interval, Recovery – Recovery room, Room – 
Arrival patient's room, h - hours

Figure 5. Independent risk factors for pain peaks (VAS ≥ 4) 
at 24 hours. Multivariable analysis of univariate risk factors 
for pain peaks (VAS ≥ 4) at 24 hours postoperatively. ASA – 
American Society of Anaesthesiologists, min – minutes, VAS 
– Visual Analog Scale, 95% CI – 95% Confidence Interval, 
Infiltration – perioperative wound infiltration
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anaesthesiologist's discretion. Overall pain scores 
were low in the present cohort and compare well to 
previous reports on pain perception (26,27). However, 
pain scores were higher after minimally invasive 
surgery compared to open surgery, with up to 45% 
of patients experiencing pain peaks at mobilization 
during the first postoperative day. This contrasts with 
the repeatedly proven efficiency of minimal invasive 
surgery in decreasing postoperative pain (8,28,29). 
Two explanations might account for this discrepancy. 
First, EDA was efficient after open surgery in the 
present cohort, as pictured by a low number of patients 
with significant pain during the first 2, respectively 
3 postoperative days with EDA in place. However, a 
significant increase of insufficient pain control (VAS ≥ 
4) at 72 hours indicates suboptimal management of pain 
relay. Since pain relay medication was standardized 
according to guidelines within ERAS care maps, 
reasons for this insufficient backup strategy might be 
the lack of proper surveillance of pain at EDA retrieval 
(30). Second, pain management after minimally 
invasive surgery was suboptimal and wound infiltration 
was even retained as independent risk factor for 
insufficient pain control within 24 hours in the present 
analysis (Figure 5). Park found in a recent randomized 
controlled trial that wound infiltration was less effective 
than TAP block in decreasing postoperative opioid 
consumption (31). A recent meta-analysis showed that 
novel infiltration techniques such as wound catheter, 
TAP block, and intraperitoneal instillation led to a 
decrease in pain scores (32). TAP block was rarely 
applied in the present cohort, but might represent an 
alternative to conventional wound infiltration (5,33). 
Another reason for insufficient pain relief by wound 
infiltration might be a lack of proper follow-up with 
consequent insufficient administration of backup pain 
medication. Taken together, the main reasons for higher 
pain levels in laparoscopic patients in the first 24 hours 
are an underestimation of actual pain after minimally 
invasive surgery and an overrating of multimodal pain 
strategies. The latter aspect was clarified by a subgroup 
analysis of 3 different pain strategies in laparoscopic 
patients as shown in the following paragraph.
	 In the present study, patients consumed the same 
amount of morphine equivalents postoperatively, 
regardless of adding on lidocaine and ketamine 
(Figure 4c). Intravenous lidocaine has been shown to 
reduce pain scores, intra- and postoperative analgesic 
requirements and to promote functional recovery (34). 
However, a recent Cochrane review questioned the 
efficiency of intravenous lidocaine and particularly 
its impact on pain scores, especially in the early 
postoperative phase, similar to the findings of the 
present cohort (12). Ketamine as a powerful blocker of 
nociceptive and inflammatory pain transmission proved 
efficiency in decreasing postoperative pain in recent 
trials (35,36). However, the optimal dose needs to be 

determined by further clinical trials (37).
	 The present study showed thus inconclusive results 
using the applied multimodal pathway, and opioids 
remained a mainstay treatment even within an enhanced 
recovery pathway.
	 Several limitations need to be addressed. The 
study cohort was heterogeneous and modest in size, 
and no data on chronic pain issues was available for 
this analysis. Further, intraoperative pain management 
strategies were not standardized. However, perioperative 
care pathway was standardized (ERAS care) and 
applied with high compliance and in line with current 
recommendations. Furthermore, consecutive non-
selected patients ("all-comers") were reported limiting 
selection bias and reflecting a "real-world" situation.
	 In conclusion, overall, pain was well controlled in 
a non-selected cohort of colorectal surgical patients, 
but pain peaks remained a major concern despite close 
adherence to ERAS guidelines including modern pain 
strategies. Multimodal pain concepts could not decrease 
morphine consumption in the present cohort. Efforts 
should focus on providing evidence-based standardized 
care protocols regarding pain management in minimally 
invasive surgery and for patients after open surgeries 
without or after removal of epidural catheter.
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Outcome of elderly patients after acute biliary pancreatitis
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1. Introduction

Acute pancreatitis is a common cause of surgical 
admission with an annual incidence that varies between 
4.0-45.3 /100,000 and an overall mortality risk of 
3-20% (1). Gallstone is the most frequent cause of acute 
pancreatitis (24 to 71%) and its incidence increase with 
age (1-4). 
	 Different studies addressing the relation between age 
and prognosis of acute pancreatitis displayed conflicting 
results (4-6). A study published in 1988 found higher 
mortality in patients over 75 years, but complication 
rate and the proportion of patients with severe disease 
was not different (4). On the other hand, more recent 
studies observed that acute pancreatitis was more severe 
in elderly patients without increased mortality (5,6). 

However, none of these studies focused exclusively on 
biliary pancreatitis.
	 This present study aimed to evaluate the clinical 
severity, radiological presentation, and outcome of acute 
biliary pancreatitis in elderly patients over 70 years 
compared to younger patients.

2. Materials and Methods

2.1. Study design

Case-control study comparing patients over 70 years 
(study group) to younger patients (control group). 
	 A retrospective analysis was performed of all 
consecutive patients admitted or secondarily referred 
with acute biliary pancreatitis to our institution, a tertiary 
referral center, between January 2006 and December 
2012. The Institutional Review Board approved the 
study (119/13). The study was registered on www.
researchregistry.com (UIN 2363). The study was 
conducted in accordance with the STrengthening the 
Reporting of OBservational studies in Epidemiology 
(STROBE) criteria (http://strobe-statement.org/). Data 

Summary The specific management and outcome of acute biliary pancreatitis in elderly patients is 
not well established. The aim of this study was to assess the outcome of elderly compared 
to younger patients after acute biliary pancreatitis. Retrospective analysis of consecutive 
patients admitted with acute biliary pancreatitis between January 2006 and December 2012. 
Elderly patients (≥ 70 years) were compared to younger patients (< 70 years) in a case-
control study. Comorbidities were assessed according to the Charlson score. Clinical (Atlanta 
score) and radiological (Balthazar and computed tomography severity index scores) 
severity were analyzed, as well as clinical outcome. Among 212 patients admitted with acute 
biliary pancreatitis, 76 were > 70 years (35.8%). Elderly patients had a higher Charlson 
comorbidity index score at admission (p < 0.001). No difference was observed in terms of 
clinical and radiological severity of acute pancreatitis. The median hospital stay was longer 
in elderly (11 days, interquartile range 7-15) than in younger patients (7 days, interquartile 
range 5-11) (p < 0.001). No difference was observed regarding in-hospital 90-day mortality 
(3 vs. 1 patients, p = 0.133). Elderly patients had similar clinical and radiological severity of 
acute biliary pancreatitis compared to younger patients.
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was collected in 2014. All consecutive patients (> 18 
years) with a diagnosis of acute biliary pancreatitis were 
included. The diagnosis of acute pancreatitis required 2 
of the following 3 features: abdominal pain consistent 
with acute pancreatitis, serum lipase (or amylase) higher 
than at least 3 times the upper limit of normal, and 
characteristic findings of acute pancreatitis on contrast-
enhanced computed tomography or magnetic resonance 
imaging or transabdominal ultrasonography (7). A biliary 
etiology of acute pancreatitis was determined by the 
presence of gallstone or sludge in the gallbladder or in 
the common bile duct, with neither evidence for alcohol 
abuse nor for another cause. Patients with pancreatitis 
secondary to endoscopic retrograde cholangio-
pancreatography, were not included. 

2.2. Outcome measures

Demographics data included age at the time of admission, 
gender, previous episode of acute biliary pancreatitis 
before the study period, and previous cholecystectomy. 
Patients' comorbidities were assessed including arterial 
hypertension, obesity (defined as a Body Mass Index 
(BMI) > 30 kg/m2), diabetes, hypercholesterolemia, 
hypertriglyceridemia, ischemic heart disease, congestive 
heart failure, chronic obstructive pulmonary disease and 
chronic renal failure. The Charlson comorbidity index 
was calculated for every patient (8).
	 Clinical severity of acute pancreatitis was defined 
according to the revised Atlanta criteria (7). Radiological 
severity of acute pancreatitis was assessed using the 
Balthazar grade (9), the Computed Tomography Severity 
Index (CTSI) (10) and the modified CTSI (11). Local 
complications such as pseudocyst formation, portal 
venous thrombosis, pleural effusion, and intra-abdominal 
pseudoaneurysmal bleeding were assessed.
	 Patients underwent abdominal MultiDetector 
Computed Tomography (MDCT) scans which 
were performed 48 hours following the appearance 
of symptoms. MDCT scans were performed on a 
64-detector row scanner (Lightspeed VCT; 64 Pro, 
GE Healthcare; Milwaukee, WI, USA). The imaging 
protocol included the whole abdomen and pelvis (120 kV, 
300-400 mA, pitch 1.375). After an unenhanced phase 
(2.5/2 mm reconstructed axial slices), iodinated contrast 
medium was injected (Accupaque®, 300 mgI/mL; GE 
Healthcare; volume in mL = body weight+30 mL) at a 
flow rate of 4 mL/s, followed by an arterial phase (25 s, 
1.25/1mm reconstructed axial slices) and a venous phase 
(80 s, 2.5/2mm reconstructed axial slices) scans. Image 
analysis was performed by 2 board-certified radiologists 
(R.D. and S.H, with 9 and 6 years of experience in 
abdominal imaging, respectively) during a consensus 
reading. The Balthazar grading and CTSI score were 
assessed. Radiologists were blinded to clinical outcomes. 
	 The different treatments performed were assessed, 
including: antibiotics,  Endoscopic Retrograde 

CholangioPancreatography (ERCP), percutaneous or 
transgastric drainage of intra-abdominal fluid collections 
and surgical necrosectomy. Hospital and intensive 
care unit length of stay, as well as in- hospital 90-day 
mortality was noted. Patient's discharge destination 
(home or nursing home) was collected. The rate of 
cholecystectomy (excluding patients with previous 
cholecystectomy) as well as the interval between 
admission for acute pancreatitis and cholecystectomy 
was measured. The recurrence of acute biliary 
pancreatitis during the study period was also recorded.

2.3. Statistical analysis

Descriptive statistics for categorical variables were 
reported as numbers and percentages, while continuous 
variables were reported as medians and interquartile 
ranges for non-normally distributed data or means and 
standard deviations for normally distributed data. The 
Student t test or the Mann-Whitney U test were used to 
compare continuous variables. Fisher's exact test or Chi-
Square test were used for the comparison of categorical 
variables. A p value < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS 22.0 software (SPSS Inc., Chicago, IL, USA).

3. Results

During the study period, 481 patients were hospitalized 
for acute pancreatitis (Figure 1). Among them, a total 
of 212 patients (aged 18 - 99 years) with acute biliary 
pancreatitis were included in the analysis. Seventy-six 
patients were 70 years or over (study group) and 136 
were younger than 70 years (control group).

55

Figure 1. Flow diagram of patients admitted with acute 
pancreatitis. *Others: idiopathic (N = 110), traumatic or 
following endoscopic retrograde cholangiopancreatography 
(N = 26) , drug- induced (N = 12) , tumoral (N = 7) , 
hypertriglyceridemia-induced (N = 3), mucoviscidosis (N= 
2), pancreas divisum (N = 1), duodenal diverticula (N = 1), 
perforated ulcus (N = 1), hemobilia (N = 1), auto-immune (N 
= 1), hypercalcemia (N = 1). Elderly: ≥ 70 years ; Control < 70 
years.



www.biosciencetrends.com

BioScience Trends. 2018; 12(1):54-59.56

According to the Atlanta classification, the clinical 
severity of pancreatitis was similar in elderly and young 
patients with most mild acute pancreatitis in both 
groups (67% vs. 65%, respectively), as shown in Table 
2. The radiological extent of pancreatitis assessed by 
the Balthazar grading was similar between elderly and 
young patients (p = 0.172). No significant differences 
were observed between the study and control groups 
in terms of median CTSI score (2 vs. 2, p = 0.160) or 
modified CTSI score (2 vs. 2, p = 0.693). The CTSI 
could not be established in 31 elderly patients (41%) 
and in 34 in the control group (25%). Among these 
patients with unknown CTSI, 11 vs 1 had a computed 
tomography without intravenous contrast, 12 vs 21 
had an abdominal ultrasound or magnetic resonance 
imaging, and 8 vs. 12 had no imaging in the study vs. 

3.1. Patients demographics and comorbidities

Patients demographics and comorbidities are listed in 
Table 1. The study group had a mean age of 81 years, 
and the control group a mean age of 45 years. There 
was no significant difference in the number of acute 
episodes of pancreatitis before admission (p = 1.000) 
and history of cholecystectomy between both groups 
(p = 0.491). Elderly patients had a significantly higher 
Charlson comorbidity score (p < 0.001), with a higher 
rate of hypertension (p = 0.001), diabetes (p = 0.012), 
ischemic heart disease (p = 0.001), chronic obstructive 
pulmonary disease (p = 0.026), and chronic renal 
disease (p = 0.001), than the control group.

3.2. Clinical and radiological severity

Table 1. Patients demographics and comorbidities

N (%)

Age, years, median (IQR)
Sex ratio, M:F 
Previous pancreatitis (%)
Previous cholecystectomy (%)
Charlson score, median (IQR)
Hypertension (%)
Obesity (%)
Diabetes (%)
Hypercholesterolemia (%)
Hypertriglyceridemia (%)
Ischemic heart disease (%)
Chronic obstructive pulmonary disease (%)
Congestive heart failure
Chronic renal disease (%)
Dialysis (%)

Elderly, N = 76

79 (75-85)
26 : 50
  4 (5.3)
10 (13.2)
  1 (0-3)
49 (64.5)
  8 (10.5)
20 (26)
13 (17.1)
  4 (5.3)
22 (28.9)
  6 (7.9)
  4 (5.3)
20 (26.3)
  0 (0)

Control, N = 136

47 (30-57)
56 : 80
  8 (5.9)
13 (9.6)
  0 (0-0)
33 (24.3)
11 (8.1)
16 (12)
18 (13.2)
  5 (3.7)
  7 (5.1)
  2 (1.4)
  1 (0.7)
  3 (2.2)
  0 (0)

IQR, interquartile range.

p value

< 0.001
   0.378
   1.000
   0.491
< 0.001
< 0.001
   0.619
   0.012
   0.544
   0.725
< 0.001
   0.026
   0.057
< 0.001
   1.000

Table 2. Clinical and radiological severity of acute biliary pancreatitis

N (%)

Atlanta classification
     Mild 
     Moderately severe 
     Severe 
Balthazar grade
     A (%)
     B (%)
     C (%)
     D (%)
     E (%)
     Unknown (%)
CTSI, median (IQR)
     Mild (0-3)
     Moderate (4-6)
     Severe (7-10)
     Unknown
Modified CTSI, median (IQR)
     Mild (0-2)
     Moderate (4-6)
     Severe (8-10)
     Unknown

Elderly, N = 76

51 (67.1)
21 (27.6)
  4 (5.3)

16 (21.1)
  8 (10.5)
21 (27.6)
  5 (6.6)
10 (13.2)
16 (21.1)
2 (1-3)
35 (46.1)
  6 (7.9)
  4 (5.3)
31 (40.8)
2 (2-4)
26 (34.2)
15 (19.7)
  4 (5.3)
31 (40.8)

Control, N = 136

88 (64.7)
46 (33.8)
  2 (1.5)

25 (18.4)
10 (7.4)
26 (19.1)
23 (16.9)
27 (19.9)
25 (18.4)
2 (1-4)
66 (48.5)
33 (24.3)
  3 (2.2)
34 (25.0)
2 (0-6)
51 (37.5)
39 (28.7)
12 (8.8)
34 (25.0)

CTSI: Computed tomography severity index.

p value

0.210

0.172

0.160

0.693
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control group, respectively (p = 0.089).

3.3. Complications

As shown on Table 3, a higher rate of portal vein 
thrombosis was observed in the elderly patients 
compared to young patients (12% vs. 2%, respectively; 
p=0.018). There was no significant difference in terms 
of occurrence of pseudocysts (8 vs. 6, p = 0.146), 
pseudoaneurysmal bleeding (0 vs. 2, p = 0.538), and 
pleural effusion (19 vs. 30, p =0.616).

3.4. Management

Elderly patients required more ERCP (38% vs. 21%, 
respectively; p = 0.009) and endoscopic drainage 
of infected intra-abdominal collections (4% vs. 0%, 
respectively; p = 0.045) compared to younger patients. 
No statistically significant differences were observed for 
antibiotherapy, percutaneous drainage, or the need for 
surgical necrosectomy or bowel resection (Table 4).

3.5. Outcome

In comparison to the control group, elderly patients had 
a longer hospital length of stay (median, 11 vs. 7 days, 

in study and control groups, respectively; p < 0.001), 
with a higher proportion (26% vs. 2%, p < 0.001) of 
them being discharged to a nursing home or another 
hospital as they needed further nursing care due to 
their advanced age and comorbidities (Table 5). Three 
elderly and one younger patients were dead within 
90 days. Three patients died from multiorgan failure 
and one patient died from septic shock. Seven elderly 
patients (9%) required admission to the intensive care 
unit (ICU) compared to 5 younger patients (4%) (p = 
0.103) with a similar median ICU length of stay (8 vs. 6 
days, p = 0.870). No difference was observed between 
the two groups regarding in-hospital 90-day mortality 
(3 vs. 1 patients, p = 0.133). Following recovery, the 
control group underwent significantly more elective 
laparoscopic cholecystectomy than the study group 
(109/123 patients (88.6%) and 35/66 patients (53.0%), 
respectively (p = 0.041)). 

4. Discussion

The present study is, to our knowledge, the largest 
study focusing on elderly patients with acute biliary 
pancreatitis. The results suggest that despite higher 
pre-existing comorbidites in elderly patients, clinical 
and radiological severity of acute biliary pancreatitis 

Table 3. Local complications during in-hospital stay

N (%)

Pseudocyst (%)
Portal venous thrombosis (%)
Pseudoaneurysmal bleeding (%)
Pleural effusion (%)

Elderly, N = 76

  8 (11.8)
  8 (11.8)
  0 (0)
19 (25.0)

Control, N = 136

  6 (4.4)
  3 (2.2)
  2 (0.7)
30 (22.1)

p value

0.146
0.018
0.538
0.616

Table 4. Management of acute biliary pancreatitis

N (%)

Antibiotherapy (%)
ERCP (%)
Percutaneous drainage (%)
Endoscopic drainage (%)
Surgical necrosectomy (%)
Bowel resection

Elderly, N = 76

19 (25.0)
29 (38.2)
  6 (7.9)
  3 (3.9)
  2 (2.6)
  2 (2.6)

Control, N = 136

30 (22.1)
28 (20.6)
  5 (3.7)
  0 (0)
  3 (2.2)
  0 (0)

ERCP: Endoscopic retrograde cholangiopancreatography.

p value

0.616
0.009
0.207
0.045
1.000
0.127

Table 5. Outcome following acute biliary pancreatitis

N (%)

Hospital length of stay, median (IQR)
ICU length of stay, median (IQR)
In-hospital 90-day mortality (%)
Discharged home (%)
Recurrence of acute pancreatitis (%)

Elderly, N = 76

11 (7-15)
  8 (2-11)
  3 (3.9)
52 (68.4)
  8 (10.5)

Control, N = 136

   7 (5-11)
   6 (4-30)
   1 (0.7)
132 (97.1)
 16 (11.8)

IQR, Interquartile range ; ICU : Intensive care unit.

p value

< 0.001
   0.870
   0.133
< 0.001
   1.000
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is comparable to younger patients. However, a longer 
length of hospital stay was observed, with a higher 
proportion of elderly patients requiring secondary 
transfer to nursing home or another hospital.
	 Despite multiple comorbidities and higher Charlson 
index in the elderly group at admission, the present 
study suggests that age did affect neither mortality 
nor severity of acute biliary pancreatitis. These results 
are supported by data from previous studies showing 
that only 6% of patients older than 65 years developed 
severe acute pancreatitis (12), while others found 
no link between age and the risk of mortality from 
pancreatitis (2). There was no significant difference in 
the radiological severity between elderly and younger 
patients as assessed by both CTSI and modified 
CTSI. Both CTSI indexes were evaluated as being 
more accurate than the APACHE II score to diagnose 
clinically severe disease and did better correlate with 
pancreatic infection and the need for intervention (13). 
Furthermore, the modified CTSI seemed to correlate 
better with clinical outcome compared to the CTSI (14). 
	 On the  other  hand,  the  complicat ions  and 
management of acute biliary pancreatitis seemed 
to be different between young and elderly patients. 
Elderly had a significantly higher rate of portal vein 
thrombosis. According to a recent systematic review, 
the prevalence of portal vein thrombosis in acute 
pancreatitis is 6% (15). The later study suggested that 
the risk of extrahepatic portal vein thrombosis was 
increased in patients with pseudocysts (16). Although 
the present study was not designed to address this issue, 
there was no difference between the young and elderly 
patients in the rate of pseudocyst formation. In addition, 
elderly patients needed more invasive procedures like 
percutaneous or endoscopic transgastric drainage of 
infected collections. This more invasive approach 
may result from a higher susceptibility of elderly 
to infection, and hence a lower threshold to initiate 
invasive treatment of intra-abdominal fluid collections 
in this group.
	 In case of mild biliary pancreatitis, early or same-
admission cholecystectomy is recommended to avoid 
recurrent gallstone-related complications as confirmed 
by a recent randomized trial (17). The present study 
suggests that laparoscopic cholecystectomy is safe in 
elderly patients with a similar timing between acute 
pancreatitis and surgery when compared to young 
patients. Of note, more ERCP were performed in 
elderly during their hospital stay due to higher rate of 
obstructive cholangitis. According to a recent study 
including patients older than 65 years with acute biliary 
pancreatitis and acute cholangitis, 25% of elderly 
patients presented relapsed biliary complications after 
discharge (12). According to a previous study where 
ERCP in older patients with no cholecystectomy 
reduced the risk of developing further episode of 
biliary pancreatitis, ERCP with sphincterotomy should 

be considered when cholecystectomy is postponed 
or contra-indicated following an episode of biliary 
pancreatitis in elderly patients (18). 
	 Several limitations to this study need to be addressed. 
First, this is a retrospective study from a single center, 
but data were collected prospectively what could 
decreases selection bias. As a direct consequence of the 
retrospective study design, no systematical follow-up 
could be performed. Therefore, cholecystectomy rate 
needs to be cautiously interpreted, as this operation could 
have been performed in another hospital. The number of 
severe pancreatitis was low in both group and no specific 
conclusion could be drawn for severe pancreatitis. A 
significant proportion of patients (41% in the elderly 
patients and 25% in the control group) had no injected 
computed tomography to establish the radiological 
severity based on validated scores. This was mainly 
due to contraindications to the injection of soluble 
contrast medium (such as previous contrast medium 
allergic reaction or renal failure), and the use of another 
imaging modality such as magnetic resonance imaging. 
However, this reflects daily management of patients 
out of a specific clinical trial what would have led to a 
"study-effect". Nonetheless, all available imaging was 
systematically reviewed by two experienced radiologists.
	 In conclusion, the results of this study suggest 
that radiological and clinical severity of acute biliary 
pancreatitis is similar between young and elderly 
patients. However, elderly patients required more 
invasive procedures to treat intraabdominal infected 
collections and developed more extrahepatic portal vein 
thrombosis compared to young patients. This data should 
be considered to be proactive in the management of acute 
biliary pancreatitis among elderly patients.
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1. Introduction

Surgical dissection is a broad term that encompasses 
the general activities of separating and dividing tissues 
(1). It is usually divided into sharp and blunt dissection, 
distinguished as slicing tissues (sharp) and teasing 
tissues apart (blunt). Some surgeons would add a 
third type, energy or coagulating dissection, in which 
electric current or another source of heat is used to 
simultaneously coagulate and divide tissues (2-11).
	 Energy dissectors have undergone a tremendous 
transformation over the past 20 years, yielding 
instruments that are multi-functional (sharp, blunt, 
vessel sealing, e.g. bipolar and ultrasonic instruments) 
and that are now broadly used for almost all dissection 

during a surgical procedure. Energy dissectors, however, 
have significant limitations due to the large amounts 
of heat they produce. These limitations lead to several 
intraoperative complications, such as accidental 
thermal trauma to blood vessels, nerves, ureters, and 
bowels (12-18). Furthermore, thermal instruments 
can unintentionally fuse adjacent layers, leading to 
misinterpretation of tissue layers and, subsequently, 
dissection into the wrong plane. Some studies indicate 
that by using powerful hemostatic device did not affect 
operative time (2-3). Therefore, surgeons need new 
instruments that improve blunt dissection, providing 
them with the ability to dissect quickly but without the 
safety compromises created by current energy dissectors.
	 The Model DD1 Differential Dissector is a newly 
developed non-thermal surgical instrument designed 
for blunt dissection (Physcient, USA) which preserves 
vessels and nerves in connective tissues with minimal 
damage to the target organ. The DD1 is designed to 
selectively dissect loose connective tissue while having 
little effect on dense connective tissue. It thus selectively 

Summary Energy devices can cause significant thermal damage to surrounding tissues causing 
unanticipated organ trauma. To evaluate the safety and feasibility of a novel electric device 
(DD1) for soft tissue dissection. Three series of measurements were performed in a pig 
model. First, macro- and microscopic tissue damage was compared between the DD1 and 
an electric scalpel (ES). Second, the time course of tissue temperature was measured for the 
DD1 and three other energy devices (ES, Harmonic and LigaSure). Third, the time required 
for mobilization of a peripheral artery of the intestine was compared between the DD1 and 
manual, non-energized forceps. First, the tissue damage area caused by ES was significantly 
larger compared to that in the DD1 at all time points (p < 0.0001). The number of damaged 
cells due to thermal damage was significantly larger for ES than for DD1, even when the DD1 
was applied to a single point at maximum power for 60 sec (p < 0.0001). Second, the maximum 
temperature of Harmonic was 160°C 3 sec after use and dropped to 68°C after 10 sec. At the 
same time points after use, we observed: ES (84°C, 45°C), LigaSure (61°C, 49°C), and DD1 
(30.5°C, 29°C). Third, the median dissection time for the artery using DD1 was significantly 
shorter than that for dissecting forceps (DD1: 100 sec, range 70-205 sec vs. forceps: 130 sec, 
range 90-210 sec, p = 0.0325). DD1 was a safe non-thermal device which causes less tissue 
damage while also providing shorter dissection times than manual dissection.
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dissects along tissue planes.
	 In this study, we assess the safety and feasibility of 
DD1, comparing other energy devices in an abdominal 
surgical model in pigs.

2. Materials and Methods

2.1. Overview of experiments

The DD1 has a plastic tip made of polyetheretherketone 
(PEEK) that rapidly vibrates to mechanically tease 
tissues apart. (Figure 1) Vibration is driven by a motor 
and batteries that are in the handle, making the device 
cordless. A control knob in the handle adjusts the 
vibration speed. The surgeon controls dissection by 
determining the point of application of the vibrating tip, 
the speed of vibration, the force with which the tip is 
pushed into the tissue plane, and the force of counter-
traction.
	 Three different types of experiments were conducted 
on live, anaesthetized pigs: First, tissue trauma arising 
from transient contact with a variety of different tissues 
was evaluated for two devices: DD1 and electric scalpel 
(ES); Second, thermal measurements were made for 
four devices (DD1, ES, Harmonic (Ethicon, USA), and 
LigaSure (Covidien, Ireland)) via thermal videography. 
Third, the speed of dissection was compared between the 
DD1 and manual forceps for mobilizing the mesentery 
arteries of the small intestine. In our experience, 50% 
power setting (middle vibration speed) is suitable for 
most tissues. Additionally, the DD1 works best when the 
tissues are moist, so moistening the surface with saline 
permits more delicate dissection while also reducing the 
risk of desiccation.

2.2. Animals

Five pigs aged two to three months and weighing 
35 to 45 kg were used.  For anesthesia, a mixture 
of intramuscular ketamine (10 mg/kg), xylazine 
hydrochloride (2 mg/kg), and atropine sulfate (0.5 
mg/head) were used. To keep anesthesia (PRO-45 
Va, Acoma Inc. Tokyo, Japan), a mixture of 1 to 3% 
isoflurane and oxygen was given via a tracheal tube 
(NS-5000A, Acoma Inc., Japan). After the operation, 
the animals were put under deep anesthesia and blood 
was drained from the inferior vena cava. Each test site 
on the tissues was excised, fixed with 10% formalin, 
and embedded in paraffin. The paraffin block was sliced 
in 5 μm slices at the marking site, then histopathological 
evaluation was performed after hematoxylin eosin (HE) 
staining. All procedures were performed by a single 
surgeon with 20 years of experience.
	 The handling of experimental animals was in 
accordance with the National Academy of Sciences' 
Guide for the Care and Use of Laboratory Animals 
as well as the Act on Welfare and Management of 

Animals (Act No. 105 of October 1, 1973). The study 
protocol of this study and the handling of animals were 
approved by the institutional review board (Animal 
Care and Usage Committee) of Narita Experimental 
Laboratory, NAS Laboratory Co., Ltd. (Approval 
number: 15L-S079, 16L-S002).

2.3. Tissue trauma arising from transient contact

DD1 is applied to tissues with force applied by the 
surgeon. To standardize treatments with the DD1 
such that a force of approximately 100 ± 50 g was 
consistently applied, the surgeon practiced at the 
beginning of each surgery by pressing the DD1 against 
an electronic balance 20 times for 2 sets. Multiple sites 
on a variety of tissues were tested for trauma from 
dissection. (Table 1), including parenchymal organs 
(liver, kidneys, and pancreas), luminal organs (ureter, 
bladder, thick and middle arteries, and thick and middle 
veins), and nerves (femoral nerve). Treatments for these 
tissues were:
	 •Non-parenchymal tissues (ureter, abdominal aorta, 
inferior vena cava, common iliac artery and vein, renal 
artery and vein, and femoral nerves): only the DD1 was 
used – one speed (medium) for two durations of contact 
(5 and 30 seconds).  Each tissue:  4 test sites per organ 
in each animal, 16 per tissue total. Bladder: 2 test sites 
per animal, 8 total.
	 •Liver: ES – 2 seconds contact at 30W; DD1– two 
speeds (medium and high) for four durations of contact 
each (5, 15, 30, 60 seconds). 36 test sites per animal, 
144 total.
	 •Pancreas and kidney: ES – 2 seconds contact at 
30W; DD1 – one speed (medium) for two durations 

61

Figure 1. Schema of DD1. A plastic tip made of polyether/
ether/ketone on the shaft of the DD1 vibrates to mechanically 
tease tissues apart (A). A control knob at the handle adjusts 
the vibration speed. The weight of DD1 is 150g, including the 
built-in batteries which allow cordless operation (B).
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the tissue (3 sec), and again at 10, 20 and 30 seconds. 
Temperatures were measured by infrared thermography: 
Testo 875-2i (Testo Inc., Lenzkirch, Germany). The 
temperature was analyzed using software (Testo IRSoft, 
Testo Inc., NJ, USA), and the maximum temperature of 
the tissue for each device and the change of temperature 
after use was measured. Each device was measured ten 
times under the same conditions and compared with 
DD1.

2.5. Time for removal of the peripheral artery in the 
small intestine

The straight arteries in the mesentery of the small 
intestine were used to provide an array of similar 
vessels for comparison of dissection speed between 
the DD1 and another technique for cold dissection 
– non-energized forceps.  The time required to 
mobilize a length of 3 cm of a single straight artery 
was compared between the forceps and the DD1. The 
success of dissection was evaluated as follows: if 
bleeding occurred during dissection, failure to achieve 
hemostasis by simply applying pressure for five 
seconds or failure to detect blood flow due to occlusion 
were deemed as failures. Dissection was performed at 
15 sites for each technique in each animal (150 arteries 
mobilized total, 75 for each technique). The time and 
success of dissection were evaluated by a surgeon who 
was not involved in the study by video examination. 
As a second test, the mobilization of renal vessels also 
was performed and assessed from video examination by 
another surgeon.

2.6. Statistical analysis

All continuous variables are described as medians and 
ranges. For the comparison between the two groups, 
we used a Student's t-test for the parametric variables 
and Wilcoxon rank sum test for the non-parametric 
variables. P values of less than 0.05 indicated a 
significant difference. All statistical analyses were 
performed using JMP 10.0.2 (SAS Institute Inc., Cary, 
NC, USA).

of contact (5 and 30 seconds). Kidney: 6 test sites per 
kidney, 24 total. Pancreas: 4 test sites per animal, 16 
total.
	 Note that in parenchymal organs (liver, kidney, 
and pancreas), tissue damage caused by the DD1 
was compared to ES because ES is widely used for 
dissection of these tissues. However, trauma from ES 
was not measured for the non-parenchymal organs 
(vessels, ureter and nerves) because such damage 
is obvious, and ES is never used clinically for the 
dissection of tissue planes around these tissues. 
	 Each site was tested as follows: A randomized 
schedule for instrument use was prepared for each 
animal. Prior to treatment, the site was marked with 
indigo-carmine to permit later localization and excision. 
Then the respective instrument was applied to that site 
for a predetermined time and speed, according to the 
randomized schedule.
	 In the liver, kidney, and pancreas, the extent of 
tissue damage area (length × depth measured on the 
histological slide) was evaluated macroscopically on 
a computer monitor after scanning the test site with a 
NanoZoomer (Hamamatsu Photonics Inc., Hamamatsu, 
Japan). Microscopic examination was used to measure 
cell degeneration, destruction of liver serosa, and 
intra-parenchymal bleeding. Microscopic analysis of 
trauma to the liver was determined by two metrics: the 
number of degenerate nuclei and the number of nuclei 
with an aspect ratio (ratio of height: width) > 1.25. 
All cells were counted within a field of view for 400× 
magnification.

2.4. The time course of device temperature

The time course of temperature changes in the 
mesentery of the small intestine was measured for 
4 devices: Harmonic, ES, LigaSure, and DD1. Prior 
to use, warm water was used to maintain all devices 
at 29°C. Each device was applied to the tissue for 
3 seconds and then removed. The temperature of 
devices at the point of application was measured before 
activation of the devices (0 sec), immediately after 
energy was turned off and the instrument removed from 

Table 1. Sites and number for test in DD1 and Electric scalpel

Items

Liver
Kidney
Pancreas
Thick and Medium artery
Thick and Medium vein
Nerve
Ureter
Bladder

Power

maximum and middle
middle
middle
middle
middle
middle
middle
middle

"Time (seconds)"

5, 15, 30 and 60
5 and 30
5 and 30
5 and 30
5 and 30
5 and 30
5 and 30
5 and 30

* Not tested because damage is obvious and ES is never used clinically for these tissue. ** For 4 lobes per animal.

Power (W)

30
30
30
-*

-*

-*

-*

-*

Time (seconds)

2
2
2
-
-
-
-
-

Number of test sites per animal

36**
  6
  4
  4
  4
  4
  4
  2

Total

144
  24
  16
  16
  16
  16
  16
    8

DD1                                          Electric scalpel
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3. Results

3.1. Macroscopic damage

In the liver, the DD1 for all durations of contact and both 
speeds resulted in mild subserosal dish-shaped damage 
but without serosal rupture on the contact surface (Figure 
2A). The region of subserosal damage was characterized 
by minor bleeding within the parenchyma but with no 
evidence of liver tissue degeneration (Figure 2A). On the 
other hand, ES resulted in a larger semicircular damaged 
area at the contact surface with serosal rupture and wide 
liver tissue degeneration (Figure 2B). For the DD1, the 
range of damage of liver parenchyma reached a plateau 
in 15 seconds for both powers (Figure 2C, D). The 
damage area of DD1 at middle power was significantly 

smaller than that of ES (30W, 2 seconds) for all time 
points (Figure 2C). Also at Maximum power (5, 15, 30, 
60 sec), the damage area of liver parenchyma using DD1 
was significantly smaller than that of ES (30 W, 2 sec) (p 
= 0.0494) (Figure 2D).
	 Similar results were observed for the other 
parenchymal organs (kidney/pancreas) (Table 2). The 
damage area of DD1 (middle power, 5, 30 seconds) 
was significantly smaller than that of ES (30 W, 2 
seconds), (kidney: p = 0.0001, pancreas: p = 0.0037 for 
DD1, middle power, 30 seconds which was the harshest 
condition). At first, the microscopic study of the liver 
showed that DD1 was obviously less harmful rather 
than other energy device. Therefore, the similar results 
as the liver was expected, the experimental for other 
parenchymal organs were omitted. No macroscopic 

Table 2. Damaged area of the parenchymal and non-parenchymal organs

Organs

Liver
Kidney
Pancreas
Thick and Medium artery
Thick and Medium vein
Nerve
Ureter
Bladder

      Middle5		     Middle30

    480 (0-1530)		  821 (188-2100)
        0 (0-420)		  172 (70-700)
        0 (0-21)		    20 (0-108)
	         Not damaged
	         Not damaged
	         Not damaged
	         Not damaged
	         Not damaged

Data express, median with range,  * middle 30 vs Electric scalpel,  N.T.: Not tested.				  

Electric scalpel

1330 (812-1960)
1112 (825-2000)
1046 (85-1675)
           N.T.
           N.T.
           N.T.
           N.T.
           N.T.

p value*

0.002
0.0001
0.0037
N.T.
N.T.
N.T.
N.T.
N.T.

Damaged area (×10⁻² mm³)

Figure 2. Macroscopic tissue damage and damaged area. DD1 resulted in a subserosal dish-shaped damage and minor 
subserosal bleeding without rupture of the serosa on the contact surface (A). Electric scalpel resulted in a wide semicircular 
damaged area with serosal rupture (B). The damaged area reached a plateau in 15 seconds. The damage area of DD1 in any time 
points were significantly smaller than that of electric scalpel at middle (C) and maximum power (D).
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damage was seen from the DD1 in the non-parenchymal 
organs (vessels, ureters, and nerves).

3.2. Microscopic damage

The difference in the quality of tissue damage in liver 
caused by each device was significant. Most of the cells 
present in the range of damage of ES possessed H/W ≥ 
1.25 (Figure 3B). As for DD1, there was no change other 

than slight bleeding in the parenchyma, with the H/W of 
the nucleus preserved in most of the cells (Figure 3A). 
The number of damaged nuclei in DD1 was significantly 
less than ES (p < 0.0001) (Figure 3C).

3.3. Time course of temperature in each energy device

Significant increases in tissue temperatures were 
observed for Harmonic, ES, and LigaSure after three 

Figure 4. Time course of temperature in each energy device. The temperature rapidly increased after 3 seconds use of each 
energy devices. The temperature gradually decreased after 10 seconds. The temperature of DD1 was unchanged at any time points. (A) 
The temperature of the DD1 was always significantly lower than the temperature for the other devices for any time after use.

Figure 3. Microscopic findings and number of damaged cell. The damage caused by DD1 (maximum power, 60 sec) was 
slight intra-parenchymal bleeding without cell degeneration (A). In contrast, the electric scalpel caused massive cell degeneration 
(B). The damaged cell number recorded within the field of a 400× microscopic objective was significantly lower in DD1 than the 
electric scalpel (C).
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seconds of energy application. The maximum measured 
temperature in the dissection field rapidly increased 
to 160°C for Harmonic, 84°C for ES, and 61°C for 
LigaSure at 3 seconds when activation ceased. After 10 
seconds, the temperature gradually decreased to 68°C 
for Harmonic, 45°C for ES and 49°C for Liga Sure. On 
the other hand, the temperature of DD1 was unchanged 
at any time point (from 31°C to 29°C) (Figure 4A). The 
temperature of DD1 was significantly lower than that in 
any other energy device during activation (p < 0.0001) 
and after activation (p < 0.0001) (Figure 4B)

3.4. Time for removal of the peripheral artery and renal 
veins

In the dissection of the peripheral straight artery in 
the mesentery of the small intestine, there was no 
occurrence of dissection failures using either the DD1 
(Figure 5A, B) or the non-energized forceps. The 
median removal time of DD1 was significantly shorter 
than that of the forceps (100 seconds vs. 130 seconds, 
p = 0.0325) (Figure 5C). In addition, for dissection and 
mobilization of the renal veins (a more complicated 
structure), DD1 was able to safely expose the target 
vessels as determined by visual inspection in surgery 
and confirmed by independent review of videotape 
(Figure 6A, B).

4. Discussion

DD1 is a novel category of electric device designed 
for tissue dissection with minimum damage. The 
intellectual property of DD1 is hold by Physcient in 

U.S. DD1 is a commercial stage not only in U.S. but 
also in Japan. Several conventional surgical procedures 

Figure 6 Removal of the renal vein. The incision was made 
in the serosa lining the renal hilus prior to the dissection (A). 
Dissection and mobilization of the renal structures (artery, vein 
and ureter) was performed without visible trauma to any of the 
structures (B).

Figure 5. Removal of the peripheral artery in small intestine. The removal time of 3 cm or more in the longitudinal axis of the 
single straight artery in the mesentery of the small intestine was compared between dissecting forceps and DD1. (before (A) and 
after (B) dissection) The median time for dissection was significantly shorter in DD1 than that in the forceps (C).
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were performed safely with the DD1 without significant 
bleeding and without thermal trauma. During normal 
use, only a few seconds of contact time in a single point 
is required for dissection, so the durations of exposure 
tested here (as long as 60 seconds) demonstrate that DD1 
has a sufficient safety margin for a variety of surgical 
procedures.
	 DD1 offers several advantages over other energy 
devices. Vessel sealing systems (e.g. Harmonic 
and LigaSure) perform coagulation hemostasis by 
generating heat at the tip of the device. However, 
unexpected secondary organ damage can occur by 
thermal injury (12-18). Therefore, it is necessary to 
maintain a safety margin such that heat does not directly 
spread into surrounding tissues during coagulation. This 
problem is sufficiently large that vessel sealers should 
not be used near vessels and nerves which need to be 
preserved (19-20). Conversely, DD1 quickly dissected 
tissues with only slight bleeding, generating a small 
damage area, and creating no rise in tissue temperature. 
No thermal trauma was observed. Even with the use 
of maximum power for 60 seconds, the damage area 
of the parenchymal organs was significantly smaller 
than ES. Additionally, DD1 did not induce unexpected 
reflexes by stimulation of nerves, unlike ES. Therefore, 
DD1 can be used safely without irreversible damage to 
tissues, even near important organs.
	 It is important to recognize the tissue planes 
separating blood vessels and nerves from connective 
tissues during dissection. DD1 is an electric device which 
dissects by using high-speed vibration. DD1 dissects 
the loose connective tissue alone. The tight connective 
tissue, blood vessel wall, nerve fiber and serosa do not 
have serious damage. When it uses suitable touch to 
the tissues, it can dissect with small amount of blood 
loss. Furthermore, the DD1 is faster than conventional 
blunt dissection with forceps, as demonstrated from 
measurements of dissection times for the peripheral thin 
artery in the small intestine. Thus, DD1 is a convenient 
device capable of consistent and safe dissection. 
	 DD1 also has an advantage in cost because it 
is battery powered and does not require an energy 
generator. Furthermore, the battery is built into the main 
body, so there is no cord, and handling during surgery 
is better. Further improvements are planned for DD1 to 
enable use in laparoscopic operations. 
	 We validated the safety and efficacy of the DD1 
by demonstrating a reduction in tissue damage and 
absence of heat generation during dissection in surgical 
procedures simulating clinical use. The DD1 was 
effective for a variety of dissections in several different 
tissues. DD1 allows a safe and quick dissection in 
procedures including the preservation of nerve function, 
the complex dissection of vessels, and tunneling 
into tissues. We believe that DD1 can contribute to 
the safety and convenience of surgery and surgeons 
will find broad application in a variety of surgical 

procedures. Now, we proceed to the clinical test phase 
and the safety of the DD1 will validate in near future.
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Neither ischemic parenchymal volume nor severe grade 
complication correlate transient high transaminase elevation after 
liver resection
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1. Introduction

Recent liver resection for cancer has been performed 
with satisfactory operative morbidity and mortality (1-
5). Serum transaminase levels are a most convenient and 
reliable indicator of liver ischemia following surgery (6-
7). Serum transaminase levels easily increase following 
liver transection, hepatic pedicle clamping during liver 
resection and other operation-related factors (6,8,9). 
However, the increase in serum transaminases was 
commonly transient and recovered to within normal 
ranges for the first 7 days postoperatively.

	 High elevations in aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) in the early 
postoperative period are considered one of the phenomena 
reflecting severe complications. Because, the lack of 
remnant liver parenchyma or wide ischemic area in the 
remnant liver after resection may be the principal issues 
leading to severe complications (5). Therefore, surgeons 
pay attention to high postoperative transaminase levels 
as a marker of crisis.
	 In clinical situation, we sometimes encountered 
high elevation of transaminase (≥ 1,000 IU/L) after 
liver resection however, the importance of this issue 
remains unsettled. (6) No studies to date have analyzed 
the area of ischemia at the time of high transaminase 
elevation. Thus, we routinely checked the postoperative 
liver ischemic area on POD2 to clarify whether a high 
transaminase elevation predicts severe complications and 
reflects the ischemic area on CT.

Summary To clarify whether high transient elevation of serum transaminase predicts severe 
complications and is related to the ischemic area on CT. Postoperative laboratory data 
and ischemia area on CT were analyzed on the basis of the presence of high transaminase 
elevation (aspartate aminotransferase (AST) > 1,000 IU/L within postoperative day (POD) 
2 after liver resection. In the high elevation group, volume of ischemic areas was assessed 
by CT on POD2. The 538 patients were divided into a high transaminase group (n = 51) and 
a control group (n = 487). Median operation time (527 min vs. 360 min, p < 0.01) and liver 
ischemia time (121 min vs. 70 min, p < 0.01) were significantly longer, and intraoperative 
blood loss (478 mL [85-1572 mL] vs. 269 mL [5-4491 mL], p < 0.01) was significantly 
greater in the high transaminase group. No significant differences observed in frequency 
of severe complications (Clavien-Dindo classification Grade III or more) or postoperative 
hospitalization. Operation time (> 500 min; odds ratio (OR), 4.86; 95% confidence interval 
(CI), 2.40-9.89; p < 0.01) and liver ischemia time (> 120 min; OR, 3.47; 95%CI, 1.67-7.17; 
p < 0.01) were independent predictors of high transaminase elevation. No relationship 
was observed between degree of transaminase elevation and ischemic area (correlation 
coefficients: AST, R2 < 0.001; alanine aminotransferase, R2 = 0.005) CT volumetry on POD2. 
In conclusions, high transaminase elevations do not predict severe complications or reflect 
remnant ischemic area.
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2. Patients and Methods

2.1. Patients

We retrospectively analyzed the data of consecutive 
patients who underwent liver resection for cancers. 
Perioperative laboratory data were collected before the 
operation, just after the operation, and on postoperative 
day (POD) 1, 2, 3, 5, 7, 30, 90 and 180. Then, the 
patients were divided into two groups according to 
the presence of high transaminase elevation (AST > 
1,000 IU/L) on POD2. Operation-related variables 
(tumor factors, operation time, liver ischemia time, 
intraoperative blood loss and procedure) and outcomes 
in the early period (all complications, severe grade 
comprications according to Clavien-Dindo classification 
> grade3 and duration of postoperative hospital stay) 
were analyzed (10).

2.2. Volumetry

On POD2 all patients were routinely performed to check 
ischemic area and portal vein thrombus. Volumetric 
analysis was performed when the serum AST level 
reached ≥ 1,000 IU/L within POD2. Three-phase 
contrast-enhanced dynamic CT scans (unenhanced and 
hepatic arterial, portal venous, and liver parenchymal 
phases) were performed using a 64-detector row 
scanner (Aquilion 64; Toshiba Medical Systems, Tokyo, 
Japan). The total dose of nonionic iodinated contrast 
medium was 600 mgI/kg body weight of iomeprol (350 
mgI/mL), administered over the course of 30 s using 
an automatic injector. Scanning was performed in the 
arterial phase (37 s), in the portal venous phase (60 s), 
and in the delayed phase (150 s). Portal-phase images 
were used for volumetry. When ischemic regions were 
confirmed on CT, CT-based volumetry was performed 
using portal venous phase images. The calculation of 
ischemic liver area has been described elsewhere (11-
13). Follow-up CT was performed at 1 week and at 1, 3, 
and 6 months after operation.

2.3. Surgical procedures

Anatomical resection of Couinaud's segment was 
the first-line operative procedure for hepatocellular 
carcinoma (HCC) when the patient had sufficient 
functional reserve. In cases of metastatic liver tumor, 
partial resection with adequate surgical margins was 
the first-line procedure. Details of the indications 
and procedures have been described previously (14-
16). Minor hepatectomy was defined as limited 
resection or resection of up to two Couinaud's 
segments. Hepatic parenchymal transection was guided 
ultrasonographically and performed by the clamp-
crushing method with the inflow-blood-occlusion 
technique, and Glisson's pedicle was tied and divided 

with silk thread. Standard systemic antibiotic therapy 
with cefazolin was routinely administered immediately 
before surgery, then twice daily on POD1-3.

2.4. Statistical analysis

Data are expressed as median and range or as absolute 
value and percentage. Student's t test, the χ2 test, and 
Fisher's exact test were used for univariate analysis, as 
required. Multivariate analysis was performed using 
logistic regression. Odds ratios with 95% confidence 
intervals derived from logistic regression analysis 
were calculated. The period until the onset of infection 
was analyzed using the Kaplan-Meier method, with 
comparison by the log-rank test. Values of P < 0.05 
were considered indicative of statistical significance. 
All analyses were performed using a statistical software 
package (JMP version 9.0; SAS Institute, USA).

3. Results

3.1. Patients

Between January 2008 and December 2010, a total of 
538 patients underwent liver resection for malignancy. 
These patients were divided into a high transaminase 
group (n = 51) and a control group (n = 487) according 
to laboratory data on POD1 (Table 1). Age (median, 
64 years [range, 41-84 years] vs. 69 years [range, 20-
84 years], p = 0.006), proportion of patients with 
cancer. (HCC, 26 patients [51.0%] vs. 342 [70.0%]; p = 
0.005 or liver metastasis, 21 [41.1%] vs. 112 [22.9%], 
p = 0.007) differed significantly between groups. 
Preoperative platelet count was significantly higher 
(21.2 mm3/μL [range, 6.2-39.5 mm3/μL] vs. 16.6 mm3/
μL [range, 4.2-54.9 mm3/μL], p = 0.006), total bilirubin 
level was lower (0.57 mg/dL [range, 0.31-1.39 mg/
dL] vs. 0.59 mg/dL [range, 0.19-1.83], p = 0.006) and 
indocyanine green retention rate at 15 min was better 
(7.8% [range, 2.3-22.8%] vs. 11.45% [range, 1.1-
82.3%], p < 0.001) in the high transaminase group. 
Preoperative serum AST level (p = 0.743), preoperative 
serum ALT level (p = 0.484) and proportion of 
Child-Pugh class B cases (p = 0.746) did not differ 
significantly between groups (Table 1).

3.2. Surgical outcomes and transaminase levels

Operation time (527 min [range, 310-752 min] vs. 360 
min [range, 112-831 min], p < 0.001) and liver ischemia 
time (121 min [range, 45-243 min] vs. 70 min [range, 
0-222 min], p < 0.001) were significantly longer in the 
high transaminase elevation group. Intraoperative blood 
loss (478 mL [range, 85-1572 mL] vs. 269 mL [range, 
5-4491 mL], p < 0.001) was significantly greater and 
number of liver resections (2 [range, 1-20] vs. 1 [range, 
1-4], p = 0.013) was higher in the high transaminase 
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operation and peaked by POD2 (Figure 1A,B). 
Concentrations then gradually decreased and returned 
to within normal range by POD7.

3.3. Multivariate analysis for high transaminase 
elevation

Operation-related variables were further analyzed by 

elevation group (Table 2). Total number of postoperative 
complications was significantly higher in the high 
transaminase elevation group (9 [17.6%] vs. 68 [14.0%], 
p = 0.04), whereas the number of severe complications 
according to the Clavien-Dindo classification (> Grade 
III) (p = 0.474) and duration of postoperative hospital 
stay (p = 0.07) did not differ significantly.
	 Transaminase levels increased rapidly just after 

Table 1. Characteristics of patients

Items

Age (years)
Sex (male/female)
Presenting illness
     Hepatocellular carcinoma
     Metastatic liver cancer
     Intrahepatic cholangiocarcinoma
     Gallbladder cancer 
     Others 
Platelet account (mm3/uL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Total bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (%)
ICGR15 (%)
Child-Pugh class B

High transaminase >1,000 IU/L (n = 51)

64 (41-84)
39/12

  26 (51.0%)
  21 (41.1%)
    2 (3.9%)
    0 (0%)
    2 (3.9%)
  21.2 (6.2-39.5)
  28 (12-213)
  28 (8-217)
    0.57 (0.31-1.39)
    4.1 (2.7-5.3)
100 (78-100)
    7.8 (2.3-22.8)
    1 (2.0%)

Control < 1,000 IU/L (n = 487)

69 (20-84)
340/147

342 (70.2%)
112 (23.0%)
  14 (2.9%)
    7 (1.4%)
  12 (2.5%)
  16.6 (4.2-54.9) 
  36 (9-265)
  28 (5-296)
    0.59 (0.19-1.83)
    4.0 (2.0-5.3)
100 (52-100)
   11.45 (1.1-82.3)
    7 (1.4%)

\Values represent median with range. ICGR15, indocyanine green retention test at 15 min.

 p value

   0.006
   0.323

   0.005
   0.007
   0.636
   0.314
   0.571
   0.006
   0.742
   0.484
   0.006
   0.112
   0.347
< 0.001
   0.746

Table 2. Surgical outcomes

Items

Operation time (min)
Ischemic time (min)
Intraoperative blood loss (g)
Multiple liver resection
Anatomical resection 
Major hepatectomy 
Complications (Total) 
Complications (Severe)* 
Postoperative hospital stay (days)

High transaminase >1,000 IU/L (n = 51)

527 (310-752)
121 (45-243)
478 (85-1572)
  21 (41.2%)
  23 (45.1%)
    6 (11.7%)
  21 (41.2%)
    9 (17.6%)
14 (8-38)

Control < 1,000 IU/L (n = 487)

360 (112-831)
  70 (0-222)
269 (5-4491)
117 (24.0%)
163 (33.5%)
  34 (7.0%)
136 ( 27.9%)
  68 (14.0%)
  12 (8-62)

\Values represent median with range. *Clavien classification grade III or more.

 p value

< 0.001
< 0.001
< 0.001
   0.013
   0.097
   0.218
   0.047
   0.474
   0.072

Figure 1. Trends in perioperative serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels. 
Transaminase levels increased rapidly just after operation and peaked by POD2 in AST (A) and ALT (B). Concentrations then 
gradually decreased and returned to within normal range by POD7.
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multivariate analysis regarding influences on high 
transaminase elevation (Table 3). Operation time > 
500 min (odds ratio, 4.86; 95% confidence interval, 
2.40-9.89; p < 0.001) and liver ischemia time >120 
min (odds ratio, 3.47; 95% confidence interval, 1.97-
7.17; p < 0.001) were independent predictors of high 
transaminase elevation.

3.4. Volumetry

The median volume of ischemia was 63 mL (ranged, 
4-210 mL) when the high transaminase elevation was 
confirmed on POD2. The correlation coefficient of AST 
was R2 < 0.001 and ALT was R2 = 0.005. No causal 
relationships were observed between each transaminase 
level and volume of ischemic area on POD2 (Figure 
2A,B).

4. Discussion

We identified operation time (> 500 min) and liver 
ischemia time (> 120 min) as significant predictors for 
high transaminase elevation, although this elevation was 
only transient and did not predict severe complications. 
Moreover, the ischemic area just after operation did not 
correlate with the concentration of transaminase. 
	 High serum transaminase levels after l iver 
resection strongly suggest severe damage to the liver 
parenchyma. Severe liver injury in which transaminase 
levels exceeded 1,000 IU/L just after the operation 
has been considered to predict secondary liver failure. 
The mechanism of injury mainly depends on ischemic 
reperfusion injury during liver resection or the presence 
of an ischemic area in the remnant liver at a result of 
liver resection and other reasons related to the operative 
procedure. However, whether a significant correlation 
exists between high transaminase elevation and severe 
complications remains unclear (17-19). Moreover, which 
factor is the main cause of high transaminase elevation 
is unclear. The present study revealed that the main 
cause of high elevation did not reflect the ischemic area 
in the remnant liver, but rather ischemia time during the 
operation.
	 Multivariate analysis revealed operation time (> 
500 min) and liver ischemia time (> 120 min) as the 
significant prognostic factor for high transaminase 
elevation.  However,  the occurrence of severe 
complications and postoperative hospital stay did 
not differ significantly between groups, because this 
population had significant better liver functional reserve. 
Therefore, complex or large-scale liver resections were 
performed for patients with sufficient liver function. As a 
result, a large release of liver enzymes is seen from livers 
with good functional reserve.
	 Elevation of transaminases is well known to be 
transient and to subside within one week. In contrast, 
the recovery of liver parenchyma after liver resection is 
not fully understood. In the present study, three-phase 
enhanced CT enabled visualization of the ischemic 
area in liver parenchyma. This enabled to confirm 
blood flow in the liver parenchyma phase by phase. 
Ischemic areas may recover with hypertrophy of the 
remnant parenchyma or apoptosis of the ischemic liver 
parenchyma. However, no previous study has shown the 
relationship between high elevation of transaminases 
and ischemic area on CT. We found that the median 

Table 3. Multivariate analysis for high transaminase elevation

Items

Operation time (> 500 min)
Liver ischemia time (> 120 min)
Number of liver resections (single)
Intraoperative blood loss (> 1,000 mL)

Odds ratio

4.86 
3.47 
1.33 
1.24 

95%CI (Hi-Low)

2.40-9.89
1.67-7.17
0.67-2.60
0.50-3.31

 p value

< 0.001
< 0.001
   0.401
   0.642

Figure 2. Relationship between serum transaminase level 
and ischemia area after high transaminase elevation by 
volumetry. Correlation coefficients are R2 = 0.00049 for 
serum AST (A) and R2 = 0.0049 for ALT (B). No relationship 
is apparent between transaminase level and liver ischemia 
area by volumetry.
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ischemic area on CT volumetry was only 63 mL, even if 
transaminase level exceeded 1,000 IU/L. 
	 In conclusion, postoperative routine CT on POD2 
is useful to check the ischemic area and portal vein 
thrombus due to the operation procedure. High elevation 
of transaminases reflects mainly the length of liver 
resection and does not predict severe complications, even 
for > 1,000 IU/L. Because it is not correlate to the liver 
ischemic area after operation.
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Arterial infusion of cisplatin plus S-1 against unresectable 
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1. Introduction

Although surgical resection is the only potentially 
curative treatment for intrahepatic cholangiocarcinoma 
(ICC), the resectability rate is about 30% (1,2). 
Moreover, the 5-year survival rate is 20% to 40% 
after potentially curative resection, accompanying by 
the high recurrence rate about 50% (1,2). Systemic 
chemotherapy is indicated for patients with unresectable 
disease, however, a standard regimen has yet to be 
established (3). Various studies of chemotherapy 
for ICC have suggested that fluoropyrimidine-

based regimens are promising (4). S-1 (TS-1, Taiho 
Pharmaceutical Co., Ltd., Tokyo, Japan) is a novel 
oral fluoropyrimidine preparation combining tegafur, 
gimeracil, and oteracil potassium. In phase II studies 
of S-1 monotherapy in patients with biliary tract 
cancer, the response rate ranged from 21% to 35%, 
with median overall survival of 8.3 to 9.4 months (5,6). 
Fluoropyrimidines are known to act synergistically 
with cisplatin (7). A phase II study of S-1 and 
intravenous cisplatin reported a response rate of 30% 
and median overall survival of 8.7 months in patients 
with biliary tract cancer (8). Chemotherapy delivered 
by transcatheter hepatic arterial infusion (TAI) is a 
particularly promising, minimally invasive treatment 
for unresectable liver tumors (9). 
	 We conducted a pilot study to examine the safety 
and effectiveness of TAI using cisplatin plus oral S-1 in 
patients with inoperable unresectable ICC.

Summary Conventional regimens for unresectable intrahepatic cholangiocarcinoma are considered 
of limited effectiveness. To evaluate the efficacy and toxicity of combination chemotherapy 
with hepatic arterial infusion of IA-call (a fine-powder formulation of cisplatin) plus oral 
S-1 in patients with unresectable intrahepatic cholangiocarcinoma. The clinicopathological 
data and long-term outcome of 12 patients who were received with IA-call plus S-1 were 
compared with those of 16 patients who were received other treatments, such as radiation 
therapy, trans-arterial chemoembolization, and systemic chemotherapy. The IA-call plus 
S-1 regimen consisted of IA-call (65 mg/m2, administered into the hepatic artery) on day 1 
and oral S-1 (60 mg/m2/day) on days 1-28, every 42 days, repeated cycle. Prognostic factors 
of these patients were evaluated by uni- and multivariate analysis. There was no significant 
difference between the two groups in the disease status, such as the number of tumor and the 
tumor size. The overall survival was significantly longer in the patients receiving the arterial 
IA-call and S-1 regimen (median survival time = 10.1; range, 3.6-24.2 months) than in the 
receiving other treatments (median survival time = 4.0; range; 0.3-24.2 months, p = 0.01). 
The multivariate analysis revealed that chemotherapy regimen was significantly related 
to survival, with a hazard ratio of 3.97 (p = 0.02). In the IA-call plus S-1 group, the overall 
response rate was 33.3%. The major toxic effect was grade 3 anemia, occurring in 1 patient 
(4.5%). Combination chemotherapy with arterial IA-call plus oral S-1 is an effective regimen 
that may improve survival in patients with unresectable intrahepatic cholangiocarcinoma.
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2. Patients and Methods

2.1. Patients 

Between 2007 and 2011, we studied 28 patients with 
unresectable ICC. From April 2010 through December 
2011, 12 of these patients received TAI using a fine-
powder formulation of cisplatin (IA-call) plus oral S-1 
(IA-call plus S-1 group). From April 2007 through 
March 2010, the other 16 patients (other treatment group) 
received various conventional treatments. Two patients 
were given radiation therapy, 1 received trans-arterial 
chemoembolization (TACE) with epirubicine, and 13 
were treated with various regimens of chemotherapy. 
Six patients received intravenous gemcitabine (GEM, 
1000mg/m2 weekly), 1 received a combination of 
intravenous cisplatin, epirubicin, and 5-fluorouracil (5-
FU), and 6 received TAI of IA-call (4 in combination 
with a daily 24-hour continuous intravenous infusion of 
5-FU 1,000 mg/m2/day, and 2 without 5-FU). Since April 
2010, we have changed our strategy in the treatment of 
unresectable ICC, and the IA-call plus oral S-1 therapy 
has been applied from this time. In this study, all the 
patients with unresectable ICC were divided into two 
groups at the time of changing the treatment strategy.
	 A d i agnos i s  o f  ICC was  ba sed  on  e i t he r 
histopathological or radiologic findings. All patients were 
deemed unresectable upon exploration due to the locally 
advanced, intrahepatic and bilateral dissemination, or 
distant metastases. All patients had good performance 
status (Eastern Cooperative Oncology Group (ECOG) 
performance status, 0-2), adequate liver function 
(bilirubin level < 2.0 mg/dL), adequate hematologic and 
bone marrow function (leukocyte count > 4,000/uL, 
platelet count > 100,000/μL), adequate renal function 
(creatinine level < 2.0 mg/dL), and measurable disease on 
computed tomography or magnetic resonance imaging. 
In addition, all patients could undergo angiography 
and selective visceral catheterization. Patients with 
biliary obstruction underwent endoscopic retrograde 
cholangiopancreatography-based or percutaneous 
transhepatic biliary drainage before administration of 
TAI and were required to have serum bilirubin levels of 
< 2.0 mg/dL. All the treatments were started soon after 
the definite diagnosis.

2.2. Treatment schedule

IA-call® (cisplatin 100 mg/vial, 1.43 mg/mL; Nippon 
Kayaku Co., Ltd., Tokyo, Japan;) was dissolved in 
70 mL of saline, heated to 50°C. A dose of 65 mg/m2 
cisplatin was then infused into the hepatic artery at a 
rate of 2 mL/min. on day 1 of each cycle. A catheter 
was placed in the femoral artery and introduced into the 
hepatic artery under angiographic guidance. After the 
procedure patients were observed overnight to manage 
pain and nausea, patients were routinely discharged 

home the following morning after evaluation of the 
results of laboratory studies. 
	 S-1 was administered orally at a dose of 60 mg/m2 
per day according to body-surface area (< 1.25 m2, 80mg 
daily; ≥ 1.25 m2 to < 1.5 m2, 100 mg daily; and ≥ 1.50 
m2, 120 mg daily), divided into two doses. S-1 was given 
on days 1-28, every 42 days. This cycle was repeated if 
patients had recovered sufficiently from any drug-related 
toxicity. If patients had hematologic toxicity of grade 3 or 
higher or non-hematologic toxicity of grade 2 or higher, 
treatment was postponed until the toxicity subsided to 
grade 1 or lower.

2.3. Follow-up and toxicity assessment

After discharge, laboratory values were checked weekly 
on an outpatient basis. All patients underwent follow-up 
imaging studies 6 to 8 weeks after each TAI procedure. 
Tumor response was assessed according to the Response 
Evaluation Criteria in Solid Tumors (10). In addition, 
serum carcinoembryonic antigen and CA19-9 levels were 
measured and included in the evaluation of therapeutic 
efficacy. Toxicity was evaluated using the National 
Cancer Institute Common Toxicity Criteria version 4.0.

2.4. Statistical analysis

Overall survival was calculated from the date of the 
first day of treatment to the date of death from any 
cause. Survival data were analysed using the Kaplan-
Meier method. The statistical significance of differences 
between survival curves was determined with the log-
rank test. Univariate analysis was performed using 
chi-square tests. Multivariate analysis was performed 
with a Cox proportion-hazards model. Differences 
with p-values of < 0.05 were considered statistically 
significant. All analyses were performed using IBM 
SPSS Statistics 19 software (IBM SPSS, Tokyo, Japan).

3. Results

Twelve patients (median age 76 years [range: 61-83]) 
received a combination of hepatic arterial infusion of 
IA call plus oral S-1, and 16 (median age 67 years [57-
79]) received conventional treatments (Table 1). There 
was no significant difference between the two groups in 
the disease status, such as the number of tumor and the 
tumor size (Table 1). 
	 The median follow-up period for IA call plus S-1 
and other treatment group were 10.1 (range 3.6-24.2 
months) and 5.8 (range 1.5-24.2 months), respectively. 
A median of 4 cycles of IA-call plus S-1 (range, 2-9) 
were administered (Table 2). All of the 12 patients in 
the IA-call plus S-1 group completed 2 or more courses 
of chemotherapy. Three patients underwent surgery 
and had recurrent disease. Intrahepatic recurrence 
occurred in all the patients, and 1 patient also had 
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one patient (4.5%) had grade 3 anemia, and non-
hematologic toxicity was generally mild, including 
nausea and vomiting. There was no treatment-related 
death. One patient was refused further chemotherapy 
because of toxicity (patient No. 1). All patients in the 
other treatment group died of tumor progression. 
	 The overall survival was significantly longer in 
patients receiving TAI of IA-call plus S-1 (median 

multiple lung metastases. Eight patients are still alive, 
and 4 died of tumor progression 4.3 to 11.1months 
after initial treatment. No patient had a complete 
response (CR), 4 (33.3%) had partial responses (PR), 2 
(16.6%) had stable disease (SD), and the other 6 (50%) 
had progressive disease (PD). All of the patients had 
decreased levels of the tumor marker CA-19-9. 
	 About toxicity in these patients (Table 3), only 

Table 1. Characteristics of patients with unresectable intrahepatic cholangiocarcinoma

Items

No. of patients
Age (year)
     Median [Range]
     > 65
Gender
     Male
     Female
ECOGa performance status
     0
     1
Disease status
     Solitary
     Multiple
     Tumor size > 5 cm
     Vascular invasion
     Distant metastasis
     Lymph node metastasis
     CEAb > ULNc

     CA19-9 > ULNc

    Total 

28

73 [57-83]
19 (67.9%)

19 (67.9%)
  9 (32.1%)

23 (82.1%)
  5 (17.9%)

18 (64.3%)
10 (35.7%)
21 (75.0%)
14 (50.0%)
10 (35.7%)
  7 (25.0%)
10 (35.7%)
24 (85.7%)

IA call+S-1 

12 (42.8%)

76 [61-83]
10 (88.3%)

  8 (66.7%)
  4 (33.3%)

10 (83.3%)
  2 (16.7%)

  7 (58.3%)
  5 (41.7%)
  8 (66.7%)
  4 (33.3%)
  5 (41.7%)
  4 (33.3%)
  2 (16.7%)
  9 (75.0%)

a Eastern Cooperative Oncology Group. b Carcinoembryonic antigen. c Upper limit of normal.

  Other

16 (57.1%)

67 [57-79]  
  9 (56.3%)

11 (68.8%)
  5 (31.3%) 

13 (81.3%)
  3 (18.8%) 

11 (68.8%)
  5 (31.3%)
13 (81.3%)
10 (62.5%)
  5 (31.3%)
  3 (18.8%)
  8 (50.0%)
15 (93.8%)

p value

0.13

0.9

0.89

0.57

0.38
0.13
0.57
0.38
0.07
0.16

Table 2. Characteristics of the patients treated with IA call and S-1

Patient 
No.

1
2
3
4
5
6
7
8
9
10
11
12

Age 

83
77
75
76
64
81
74
67
81
74
61
77

Maximum 
response 

PD
PD
PR
SD
PD
PR
SD
PD
PD
PR
PR
SD

PD: Progressive disease, PR: Partial response, SD: Stable disease

Liver 
resection 

Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Present
Present
Absent
Present

Cycles of 
IA-call+S-1

2
3
5
5
4
5
9
4
5
3
3
3

Highest CA 19-9 
before therapy (U/mL)

381
102.8
398.2
140.7
> 1,000,000
  59.2
  42.5
    4.5
  26.4
277.5
131,800
  47.7

Lowest CA 19-9 
after therapy (U/mL)

  76.3
  79.3
  51.1
  33.9
198,900
    5.9
  12.9
    2.9
    6.4
  88.2
  42,230
  20.9

Table 3. Toxicity in patients receiving the arterial infusion of IA-call and S-1

Toxicity profile (n = 22)

Hematologic
    Leukopenia
    Neutropenia
    Anemia
    Thrombocytopenia
Non-hematologic
    Nausea
    Vomiting

Grade 1

1
1
4
3

2
1

Grade 2

5
5
5
2

3
1

National Cancer Institute Common Toxicity Criteria Version 4.0

Grade 3

0
0
1
0

0
0

Grade 4

0
0
0
0

0
0

Grade 3-4 (%)

0
0

1 (4.54%)
0

0
0
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survival time = 10.1; range, 3.6-23.2) than in those 
receiving other treatments (median survival time = 4.0; 
range; 0.3-24.2; Figure 1; p < 0.01).
	 To determine the prognostic factors on survival in 
patients with unresectable ICC, univariate analyses 
were conducted (Table 4). The results of univariate 
analysis indicated that two variables, age and type of 
treatment, significantly affected the patients' overall 
survival (Table 4). Cox's proportional-hazard analysis 
including 3 variables (age, tumor size, and type of 
treatment) showed that only the type of treatment (IA 
call + S-1 vs. Other treatment, hazard ratio 3.97; 95% 
CI 1.28-12.3, p = 0.02) was an independent risk factor 
for overall survival.

4. Discussion

In this study, we evaluated the efficacy and toxicity 
of TAI using cisplatin plus oral S-1 in patients with 
unresectable ICC. Our results showed that overall 
survival was significantly longer in patients receiving 
TAI of IA-call plus S-1 (median survival time = 10.1; 
range, 3.6-23.2) than in those receiving other treatments 
(median survival time = 4.0; range; 0.3-24.2; p < 
0.01). Moreover, IA-call plus S-1 was associated with 
moderate toxicity, with grade 3 anemia occurring in 
only 1 patient (4.5%). 
	 Although systemic chemotherapy is indicated for 
unresectable ICC, conventional regimens are considered 
of limited effectiveness. There is an acute need for new 
treatment approaches. We used TAI of IA-call and S-1 
to treat unresectable ICC for several reasons. ICC can 
extend in a multimodal and locoregional manner by 
means of infiltration of the parenchyma, the formation 
of intrahepatic satellite nodules, and vascular invasion 
(11). The remnant liver is the most common site of 
recurrence (12,13). To prevent ICC from extending to 

the lymph nodes or other organs via vascular invasion, 
systemic chemotherapy might be useful. To date, the 
most promising approaches have used single-agent 
GEM. Median survival times of 14 months and 11 
months have been obtained with combinations of GEM 
plus capecitabine (14) and GEM plus docetaxel (15), 
respectively. However, the therapeutic usefulness of 
these GEM-based combined regimens in patients with 
unresectable ICC has been limited by toxicity (16). In 
contrast, recent phase 2 trials of S-1 monotherapy in 
patients with biliary tract cancer have obtained high 
response rates with mild toxicity (5,6). Therefore, we 
selected S-1 for systemic chemotherapy to prevent the 
spread of ICC to lymph nodes or other organs. 
	 TAI  a l lows  the  de l ivery  of  h igh  doses  of 
chemotherapeutic drugs directly to tumors, with 
minimal systemic drug exposure. Consequently, 
techniques for TAI-based chemotherapy have been 
developed to achieve higher therapeutic efficacy 
than that possible with intravenous administration 
of anticancer agents. With TAI, an anticancer agent 
is infused into an artery supplying the target tumor, 
thereby producing high drug concentrations at the 
target site in the liver. Because the blood supply of the 
biliary tree is derived from the hepatic artery, and ICC 
is usually confined to the liver, TAI might be a rational 
approach. To prevent the spread of ICC in the liver, 
TAI-based chemotherapy is considered promising (17). 
Moreover, to obtain higher drug concentrations than 
those produced by conventional formations of cisplatin 

Table 4. Univariate analysis of prognostic factors of overall 
survival

Items

Gender
     Male
     Female
Age
     ≤ 64 
     > 65
Tumor size
     ≤ 5
     > 5
Vascular invasion
     Absent
     Present
Lymph node metastasis 
     Absent
     Present
Number of tumors
     Solitary
     Multiple
CA19-9 
     < ULNa
     > ULNa
Treatment
     IA call + S-1
     Other treatment

Hazard ratio

0.56

2.82

2.79

2.08

1.45

2.18

2.04

4.21

95% Confidence 
interval

0.20-1.59

1.09-7.27

0.81-9.66

0.83-5.23

0.55-4.04

0.79-5.99

0.47-8.92

1.40-12.63

a Upper limit of normal.

p value

0.28

0.03

0.11

0.12

0.48

0.13

0.34

0.01

Figure 1. Overall survival of patients receiving the transarterial 
infusion of IA-call and S-1 regimen vs. those receiving other 
treatments. The overall survival was significantly longer in 
patients receiving transarterial infusion of IA-call plus S-1 
(median survival time = 10.1; range, 3.6-23.2 months) than in 
those receiving other treatments (median survival time = 4.0; 
range; 0.3-24.2 months) (P < 0.01).
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(0.5 mg/mL), we used IA-call (1.43 mg/mL), a fine-
powder formulation of cisplatin (9). To our knowledge, 
only a few studies have evaluated the effectiveness of 
hepatic arterial chemotherapy in patients with biliary 
tract carcinomas such as ICC. Melichar et al. treated 17 
patients with ICC and 15 with gallbladder carcinoma 
with a combination of 5-FU, cisplatin, and folinic 
acid, administered through the hepatic artery. This 
regimen was effective and improved survival (18). 
Cantore et al. gave 25 patients with ICC and 5 with 
gallbladder carcinoma a combination of epirubicin and 
cisplatin administered through the hepatic artery plus 
a systemic infusion of 5-FU. The overall response rate 
was 40%, with median overall survival of 13.2 months 
(19). Kelsen et al. reported that the administration of 
cisplatin through the hepatic artery provides a high 
drug concentration in the perfused blood, whereas the 
systemic concentration is much lower (20). The few 
side effects with IA-call plus S-1 may thus be attributed 
by the lower systemic exposure to cisplatin. 
	 Combination chemotherapy with arterial IA-call plus 
oral S-1 might have a higher risk of some complications 
than conventional systemic chemotherapy. Angiography 
is generally a very safe procedure, and of the 12 patients, 
no complications related to the angiographic technique 
were observed. However, there is a small chance of 
minor or serious complications occurring, such as 
hemorrhage, arterial obstruction, and pseudoaneurysms 
(21). To prevent these complications, we try to do the 
examination as patriotically as possible.
	 In conclusion, this pilot study suggests that TAI of 
IA-call plus S-1 is a safe and effective regimen. Our 
promising initial results warrant further phase II and III 
trials to confirm the feasibility and efficacy of IA-call 
plus S-1 in patients with unresectable ICC.
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1. Introduction

China is aging rapidly; the proportion of people aged 60 
or older has increased from 7.0% in 2000 to 16.1% in 
2015 (1). According to a population survey in Shanghai, 
people aged 60 or older accounted for 19.5% of the entire 
resident population in 2015 while people aged 65 or 
older accounted for 12.3%. These demographic changes 
have resulted in increasing demands for health care at 
the end of life, but to date there is little information about 
the healthcare expenditures at the end of life, and this is 

particularly true in developing countries. 
	 Results of international studies have indicated that 
healthcare expenditures are affected by a proximity 
to death (PTD) phenomenon. Patients often receive 
excessive care at the end of life, resulting in mounting 
medical expenses (2-5). PTD can skew the effects of 
population aging on medical expenses due to the high 
mortality rate and greater end-of-life medical demands 
of the elderly (6). The PTD phenomenon varies among 
different age groups, costs, and categories of disease. 
Polder et al. (4) and Shugarman et al. (7) concluded that 
in the Netherlands and the United States, the average 
medical expenses in the last year of life were greater 
for people dying at younger ages (< 70) than older 
decedents. Gozalo et al. (8) found that hospice care can 
substitute for acute medical care at the end of life. An 
increase in hospice care was related to a 2.4 percentage-

Summary One aim of the current study was to track end-of-life care using individual data in Shanghai, 
China to profile hospital costs for decedents and those for the entire population. A second aim 
of this study was to clarify the effect of proximity to death. Data from the Information Center 
of the Shanghai Municipal Commission of Health and Family Planning (SMCHFP) were 
examined. For decedents who died in medical facilities in 2015, inpatient care was tracked 
for 1 year before death. A total of 43,765 decedents were included in the study, accounting 
for 35% of total deaths in 2015 in Shanghai. Hospital costs were higher for people who died 
before the age of 45 (14,228.62 USD) than for those aged 90 or older (8,696.34 USD). The 
ratio of costs for decedents to the entire population declined significantly with age. Women 
received less care than men in the last year of life (t = -15.1244, p < 0.05). Average tertiary 
hospital costs per decedent declined significantly with age, whereas average secondary 
hospital costs increased slightly with age. Among the top 14 causes of death classified using 
the ICD-10, rectal cancer incurred the greatest costs (13,973 USD per decedent). Over 43% 
of hospital costs were incurred during the month before death. Declining costs in the last year 
of life with age as well as with distance to death demonstrate the existence of a proximity to 
death phenomenon in health care expenses. Disease-specific studies should be conducted and 
attention should be paid to gender equity when examining end-of-life medical costs in the 
future.
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point reduction in the rate of hospital transfers and a 7.1 
percentage-point reduction in care in an intensive care 
unit (ICU). Older elderly receive more nursing care and 
palliative care at the end of life but account for fewer 
ambulatory and hospital costs (7), indicating a continuing 
shift from acute medical care to long-term care late in 
life. A comparable conclusion was reached by Spillman 
and Lubitz (9). Wong et al. (10) found that people dying 
from cancer incur the most costs in the last year of life, 
while people dying from myocardial infarction incur the 
least costs. Another study found that payments for care 
to dying patients accounted for 27.2% to 30.6% of all 
Medicare payments (11).
	 Better knowledge of the characteristics of healthcare 
expenditures at the end of life and the combined effect 
of population aging and proximity to death is crucial to 
better policymaking. Shanghai is one region of China 
that faces the early challenges of aging, and Shanghai 
has accumulated a wealth of experience in health care 
management and health system reform. Since previous 
studies were mostly conducted in developed countries, 
the aims of the current study were to track end-of-life 
medical care using individual level data in Shanghai, 
China to profile hospital costs for decedents and those 
for the entire population; to describe age patterns and 
differences between causes of death for men and women; 
and to clarify the effect of PTD.

2. Subjects and Methods

An administrative database from the Information Center 
of the Shanghai Municipal Commission of Health 
and Family Planning was used to track the end-of-
life inpatient care received by decedents in Shanghai. 
The database covers all outpatients and inpatients in 
every type of medical facility in Shanghai in 2015. For 
decedents who died in medical facilities between January 
1 to December 31, 2015, inpatient care received in 
different medical facilities was tracked for 1 year before 
death. Hence, decedents with a single hospital stay longer 
than 1 year were excluded from this study. Medical 
records were linked at individual level using age, gender, 
and an identification number. The front page of each 
medical record was reviewed to obtain information 
regarding age, gender, type of basic medical insurance 
scheme, diagnosis, date of admission and discharge, 
and costs for each category of medical care. The latest 
record of admission was used to ascertain the cause of 
death, and the date of discharge served as the date of 
death. Individuals without basic medical insurance were 
excluded since most were patients from other provinces. 
Hence, subjects represent the resident population of 
Shanghai. 
	 Hospital costs were calculated by gender, age, cause 
of death, and the level of medical facility. The hospital 
costs in the 12 months prior to death were calculated 
for decedents in 2015. Health care expenditures by the 

entire population in 2015 were calculated as well. Some 
of those individuals also died in 2015 but in places 
other than medical facilities for whom we were not able 
to identify as decedents, which may narrow the gap 
between decedents and the entire population. Decedents 
and the entire population were compared only in terms 
of expenditures in 2015. All Chinese currency figures in 
this study were adjusted to comparable amounts in USD 
using the average exchange rate in 2015 (6.2284 RMB = 
1 USD).
	 A t-test was used to compare continuous data while 
a chi-square test was used to compare categorical data. 
Pearson's correlation coefficient (r) was used to analyze 
the relationship between different variables. Prescriptive 
and statistical analysis were performed using STATA 
13.0, and a significance level of 0.05 was set for 
hypothesis testing.

3. Results and Discussion

3.1. Basic characteristics

A total number of 43,812 decedents were identified 
though the database. Forty-seven decedents were 
hospitalized for longer than 1 year in a single stay and 
were excluded as subjects. As a result, 43,765 decedents 
who died in medical facilities were included in this study. 
These individuals accounted for approximately 35% 
of the total deaths in 2015 in Shanghai. Table 1 shows 
some basic characteristics of the patients who died in 
medical facilities in 2015, and 81.77% of those patients 
were elderly people age 65 or older. Males accounted 

80

Table 1. Basic characteristics of subjects (n = 43,765)

Indicators

Age (Mean ± SD)
Gender (n (%))
     Male
     Female
Insurance scheme (n (%))*
     UEBMI
     URBMI
     NCMS
     Other type
Cause of death (n (%))
     Cancer
     Circulatory disease
     Respiratory disease
     Other cause
Level of the medical facility 
(number of admissions (%))
     Tertiary hospital
     Secondary hospital
     Primary care facility

     Values

76.95 ± 12.85

24,312 (55.56)
19,453 (44.44)

35,800 (81.80)
  4,811 (10.99)
  1,145 (2.62)
  2,009 (4.59)

15,115 (34.54)
11,464 (26.19)
  9,825 (22.45)
  7,361 (16.82)

46,120 (31.67)
89,037 (61.15)
10,457 (7.18)

*The 3 basic medical insurance schemes in Shanghai include Urban 
Employee Basic Medical Insurance (UEBMI), Urban Resident 
Basic Medical Insurance (URBMI), and the New Rural Cooperative 
Medical Insurance System (NCMS), which cover over 95% of the 
residents of Shanghai.
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inverse relationship was more evident among women (r 
= -0.1746, p < 0.05), while for men the average hospital 
costs rebounded after the age of 85. This can be partly 
explained by the different age patterns for men and 
women to seek health care at different levels of facilities.
	 Hospital costs in the last year of life decline 
with increasing age at death (Figure 1). Our figures 
demonstrated that in Shanghai, people who died at 
age 95 or older accounted for about 80% of inpatient 
expenditures compared to decedents aged 65-70. This 
decrease is relatively smaller than that found in other 
studies and might be affected by filial piety in Chinese 
culture. Polder et al. (4) and Serup-Hansen et al. (12) 
estimated a larger decrease in the Netherlands and in 
Denmark, while the figure for Germany was about 43-
47% (13). For the United States, the figure was about 
40% (14) or 52% (15). 
	 The ratio of costs for decedents and the entire 
population declines with increase in age. Figure 2 

for 55.56%. The most frequent cause of death was 
cancer, which accounted for 34.54% of deaths among 
decedents, followed by circulatory diseases (26.19%) 
and respiratory diseases (22.45%). Most inpatient care 
received during the last year of life was provided at 
secondary (61.15%) and tertiary hospitals (31.67%), and 
only 7.18% was provided at primary care facilities.

3.2. Age and gender

The per person-year hospital costs in 2015 by sex, age, 
and PTD are shown in Table 2. Costs for the entire 
population (regardless of PTD) varied more than 18-fold 
from 106.11 USD for individuals aged 5-9 to 2,007.90 
USD for individuals over the age of 90. 
	 Hospital costs in the last year of life were inversely 
related to age (Figure 1). Costs were 14,228.62 USD for 
individuals aged 0-44 compared to 8,696.34 USD for 
individuals aged 90 or older (r = -0.0894, p < 0.05). This 

Table 2.  Average annual hospital costs per person, in USD

Age group (year)

< 1
1~4
5~9
10~14
15~19
20~24
25~29
30~34
35~39
40~44
45~49
50~54
55~59
60~64
65~69
70~74
75~79
80~84
85~89
≥ 90

Female

3,150.63 
14,429.82 
3,322.60 
9,632.01 

11,714.65 
21,214.21 
18,380.35 
11,533.36 
16,060.05 
11,625.88 
11,154.63 
10,900.00 
12,649.24 
11,079.94 
10,494.43 
9,822.30 
8,628.57 
7,834.50 
7,417.46 
6,356.31 

Male

3,848.27 
30,427.14 
30,384.53 
23,167.09 
17,546.21 
7,480.24 

23,404.55 
15,106.30 
16,310.53 
10,803.46 
11,520.36 
11,289.01 
11,299.42 
11,010.75 
10,842.19 
9,997.73 
9,127.05 
8,812.16 

10,360.24 
11,819.05 

Note: Costs have been converted into USD using the average exchange rate in 2015 (the same applies to the table below). Costs for both genders 
mean the average costs for both genders in each age group. Costs regardless of proximity death refer to the average costs for the entire population 
of Shanghai in 2015.

Both

3,499.45 
25,094.70 
16,853.56 
16,399.54 
14,769.27 
14,347.23 
20,740.21 
13,221.36 
16,184.57 
11,109.14 
11,383.00 
11,161.00 
11,727.94 
11,032.37 
10,730.47 
9,935.38 
8,916.77 
8,352.74 
8,818.95 
8,696.34 

Female

1,011.09 
128.84 
89.50 
78.80 
77.64 
84.37 

147.49 
153.01 
133.82 
154.28 
232.53 
281.53 
322.34 
397.82 
529.61 
676.15 
889.10 

1,131.81 
1,468.18 
1,509.07 

Male

1,336.91 
170.83 
120.63 
116.23 
88.61 
55.70 
72.54 
83.88 
99.95 

140.39 
227.36 
297.57 
403.06 
533.91 
700.95 
925.11 

1,142.69 
1,442.54 
2,255.46 
3,022.85  

Both

1,179.47 
151.16 
106.11 
98.64 
83.60 
68.98 

108.77 
117.48 
116.04 
146.89 
229.79 
290.04 
363.48 
465.72 
616.98 
800.79 

1,008.11 
1,264.63 
1,771.05 
2,007.90 

        In the last year of life		                           Regardless of proximity to death

Figure 1. Average hospital costs (in USD) per decedent in 
the last year of life by age and sex in 2015.

Figure 2. Ratio of average hospital costs for decedents in the 
last year of life to average costs for the entire population, by 
age and sex, in 2015.
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shows that the ratio of costs declines for both males and 
females, with a ratio of almost 120 for people under the 
age of 45 to a ratio of less than 5 for people aged 85 or 
older. Women aged 50-79 had a relatively high ratio of 
costs in comparison to men. This was caused by lower 
costs for the entire female population instead of higher 
costs for female decedents. An average cost ratio of 32.9 
was found between decedents and the whole population 
with a broad range from 4.3 to 119.5. This ratio is higher 
than that reported by Polder et al. (4), who reported an 
overall ratio of 13.5 (from 30 to less than 5), and that 
reported by Serup-Hansen et al. (12), who estimated 
ratios of 9.4 and 13.3 for Danish men and women, 
respectively. The ratio for the elderly population (from 
17.4 to 4.3 for those aged 65 or older) was comparable to 
that reported by McGrail et al. (2), who reported a ratio 
ranging from 16.6 to 2.5 for the Canadian population 
aged 65 or older. 
	 Economists have long regarded health as one form 
of human capital (16-18). According to Theodore W. 
Schultz, investment in health enhances the quality of 
human resource, which is one of the main drivers of 
economic growth (19). In Michael Grossman's model of 
the demand for health, health can be viewed as a durable 
capital stock that produces an output of healthy time, and 
investment in health is assumed to increase productivity 
and to yield greater economic benefits (20). The inverse 
relationship between end-of-life hospital costs and age 
at death could partly be explained by the combination of 
these two theories. The younger population is believed 
to have a longer life expectancy and greater productivity, 
hence investment in the health of young people is 
expected to yield greater economic benefits, especially at 
the end of life.

3.3. Cause of death

The top 14 causes of death were classified based on the 
ICD-10 to determine the relationship between the type of 
disease and end-of-life hospital costs. Of all decedents, 
61.77% died from one of those 14 diseases. The most 
prevalent cause of death was lung cancer, accounting for 
8.35% of total hospital costs.
	 A stroke or heart attack incurred relatively low costs, 
with an average of 8,562 and 8,230 USD, respectively, 
per decedent. This was partly due to the high fatality 
of these diseases. The average costs of rectal cancer 
appeared to be the highest (13,973 USD per decedent), 
though the overall burden did not seem to be severe (costs 
for rectal cancer accounted for 1.69% of total costs). 
Costs of the top 14 causes of death varied significantly (F 
= 19.47, p < 0.05), indicating that costs vary more widely 
among people dying from different diseases than among 
people dying of a certain disease (Table 3). Hence, more 
disease-specific studies of end-of-life medical costs 
should be conducted to further understand the effects of 
population aging and epidemiological changes on health 
care expenditures.
	 For people dying from different disease groups, the 
declining age pattern of end-of-life hospital costs was 
less prominent for men than for women, especially after 
69 years old. The average hospital costs for men who 
died from a certain cause slightly rebounded after the age 
of 84, which was consistent with the age patterns of total 
inpatient expenditures. Hospital costs for people dying 
from cancer declined sharply at younger ages (< 45), 
especially for men. Circulatory diseases incurred lower 
costs and costs varied less among different age groups 
(Figure 3). In each category of disease, men had higher 
average costs than women (p < 0.05). In general, the 
deceased cancer patients generated higher hospital costs 
than patients dying from other major disease (F = 50.42, 
p < 0.05).

Table 3. Hospital costs in the last year of life by gender and cause of death*

Items

Rectal cancer
Colon cancer
Stomach cancer
Respiratory failure
COPD
Sequelae of cerebrovascular disease
Other respiratory disorders
Pancreatic cancer
Chronic ischemic heart disease
Lung cancer
Pneumonia
Liver cancer
Stroke
Myocardial infarction
Other cause
Total

Female

13,127 
12,876 
12,585 
11,787 
10,821 
12,091 
10,437 
11,711 
10,476 
11,010 
9,206 
9,348 
7,982 
7,566 

11,273 
10,777  

*Average costs per decedent in USD. Total costs for all decedents in 2015 (million USD, share in %)

Male

14,421 
14,577 
13,930 
13,826 
13,757 
13,372 
14,355 
12,949 
14,640 
12,511 
13,670 
10,841 
9,100 
8,741 

13,782 
13,181 

Both

13,973 
13,795 
13,418 
12,934 
12,785 
12,692 
12,500 
12,384 
12,275 
12,092 
11,675 
10,435 
8,562 
8,230 

12,584 
12,113 

USD 1mln

8.97 
16.50 
22.58 
13.63 
31.83 
13.45 
40.72 
13.77 
40.24 
44.26 
23.22 
14.39 
30.57 
5.51 

210.47 
530.11 

%

1.69 
3.11 
4.26 
2.57 
6.01 
2.54 
7.68 
2.60 
7.59 
8.35 
4.38 
2.71 
5.77 
1.04 

39.70 
100.00

                                  Average costs per decedent (USD	                                                   Total costs
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3.4. Facilities

Average tertiary hospital costs per decedent declined 
significantly with age (r = -0.0678, p < 0.05), whereas 
average secondary hospital costs increased slightly with 
age (r = 0.0128, p < 0.05), exceeding the costs incurred 
at tertiary hospitals for individuals after age 79. Figure 
4 shows some notable differences in the age patterns of 
decedents and the entire population seen at secondary 
and tertiary hospitals. The age pattern of tertiary 
hospitalization costs is contrary for decedents and 
the entire population, in spite of the particularly high 

costs for decedents, while for secondary hospitals the 
age pattern for decedents and the entire population is 
almost the same. Such a difference reflects, to a certain 
extent, the different characteristics of care provided 
at secondary and tertiary hospitals in Shanghai due to 
variations in the severity of disease. More advanced 
medical technologies and care are provided at tertiary 
hospitals while secondary hospitals mainly provide 
rehabilitation, nursing, and other less-intensive care.
	 Older terminal patients received a greater proportion 
of inpatient care at the primary care level, indicating 
that elderly patients are more likely to go to community 
health centers for care at the end of their lives. 
However, according to Shanghai Statistical Yearbook 
2016, the limited number of beds at the community 
care level in Shanghai (17,099 beds, accounting for 
14% of the total) may mean that the healthcare needs 
of terminal patients are not being met. According to 
Hartman et al. (21), an increase in nursing home care 
has resulted in a decrease in the ratio of costs for people 
aged 85 or older and the working-age population. In 
Shanghai, the average hospital costs per decedent in 
primary care facilities were 30% of the costs in tertiary 
hospitals (Figure 5). Allocating additional resources 
to primary care and encouraging patients to be seen 

Figure 3. Average hospital costs (in USD) in the last year of 
life for people who died in 2015, by age and cause of death.

Figure 4. Average hospital costs (in USD) for decedents in 
their last year of life and the entire population in 2015, by 
age and level of hospital. Secondary hospitals: mainly provide 
rehabilitation, nursing, and other less-intensive care, versus 
Tertiary hospitals: mainly provide more intensive care.

Figure 5. Admissions to different levels of medical facilities 
in the last year of life for people who died in 2015, by age 
and level of facility.
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at primary care facilities are key ways to use funds 
more efficiently, even though the end-of-life care is 
still predominantly provided by hospitals. Healthcare 
resources at the level of primary care, and particularly 
nursing and hospice resources, need to be enhanced in 
Shanghai so that healthcare needs at the end of life can 
be met and healthcare costs can be curtailed.
	 The current study indicated that there were 
significant sex differences (t = -15.1244, p < 0.05) in 
hospital costs in the last year of life (higher in men). 
This finding differs from results of other studies (5). 
This is partly due to the absence of sudden death, 
reflecting a higher incidence rate among males (e.g. 
death from road accidents or occupational injuries). 
Another possible explanation is the difference in 
medical facilities where individuals are seen, and 
especially the older elderly. Admissions to tertiary 
hospitals declined with age. Except that among men 
aged 85, the proportion of admissions to tertiary 
hospitals started to increase, from 18.77% for 
individuals aged 85-89 to 26.28% for individuals 
aged 90 or older (Figure 5). The average hospital 
costs per patient in tertiary hospitals are higher than 
those of lower level medical facilities (p < 0.05), so 
the difference in health-seeking behavior in later life 
might cause a difference in health care expenditures 
by men and women. The reasons for these differences 
in health-seeking behavior by men and women need to 
be further explored. The influence of social attitudes, 
in combination with the human capital theory, could 
explain gender differences in end-of-life medical costs. 
When men suffer from a severe disease, they are more 
likely to receive intensive and extensive medical care. 
Hence, more attention needs to be paid to gender equity 
in the provision of health care.

3.5. PTD

In the current study, over 43% of hospital costs for 
decedents in the last year of life were incurred during 
the month before death, and that proportion declined 
significantly with the distance to death, dropping to 
2.78% in the 12th month before death. Lubitz and 
Rily (11) reported comparable results; in both 1976 

and 1988, about 40% of the Medicare costs in the last 
year of life were incurred in the last 30 days. Upon 
reflection, the current study indicated that the average 
daily hospital costs increased gradually with PTD by 
36.59% from 123 USD 12 months before death to 168 
USD 1 month prior to death (Figure 6). Felder et al. 
(22) found that in OECD countries, medical expenses 
were mainly spent on diseases at the end of life. Their 
finding that medical expenses increased abruptly in 
the last month of life indicated that PTD is a major 
factor influencing medical expenditures. Seshamani 
and Gray (23) found that the impact of aging on health 
care expenditures might be affected by PTD due to the 
concentration of morbidities and costs in the last year 
of life. Another study noted higher general practitioner 
costs closer to death, while finding that costs were not 
significantly impacted by age (24). Most studies have 
concluded that age has less of an impact than PTD 
(2,23,25,26), while one study that controlled for PTD 
found that population aging was an important factor 
influencing the increase in medical expenses (27).
	 Figure 7 shows health care expenditures for people 
aged 65 or older during the last year of life according 
to different studies. In the current study, hospital costs 
incurred in the last quarter of life accounted for 64% of 
the cumulative hospital costs in the last year of life. In 
the United States, about 60% of all Medicare payments 
were incurred in the last quarter of life, and this share 
has remained unchanged since 1976 (11). In two Swiss 
samples, the proportion of health care expenditures 
(based on payments to sick funds) in the last quarter 
of life amounted to 49% and 42% (6). Medical 
expenditures in the last 4 quarters of life in Shanghai 
have a distribution like that of the Medicare figures. 
The surge in costs near death in the Swiss samples 
is less marked than in the corresponding data from 
Shanghai and the US, which may be attributable to the 
high rate of government subsidization of institutional 
care in Switzerland. Health care received increases 
closer to death, so the increase in medical expenses 
could have been mitigated.
	 Theoretically, due to the co-existence of a PTD 
phenomenon and prolonged life expectancy, the decline 
in age-specific mortality rates over time postpones 

Figure 6. Hospital costs (in million USD) and daily costs (in 
USD) over the last 12 months of life.

Figure 7. Hospital costs over the last four quarters of life 
for people aged 65 or older.
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death to later ages, pushing back death-related costs. 
The occurrence of a PTD phenomenon further reveals 
how aging causes an increase in healthcare spending. 
The rise in healthcare expenditures is not merely the 
result of age and health status but is also influenced by 
other key factors such as end-of-life care and changes 
in patterns of seeking healthcare. The combined effect 
of age and population size (caused by longer life 
expectancy) has resulted in a larger number of people 
with vast medical needs, challenging the sustainability 
of the healthcare and financing system. 
	 One limitation of the current study is that subjects 
were only decedents who died in medical facilities 
while a large proportion of individuals (over 60%) died 
at home or somewhere else. This may decrease the 
generalizability of the current findings.
	 In conclusion, hospital costs for the entire population 
appear to increase with age. However, declining costs in 
the last year of life with increasing age as well as with 
distance to death demonstrate the existence of a PTD 
phenomenon in health care expenses. The combined 
effects of population aging and greater costs closer to 
death pose a substantial challenge to future projections 
of health care expenditures. Disease-specific studies 
should be conducted and attention should be paid to 
gender equity when examining end-of-life medical 
costs in the future.
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1. Introduction

According to population sample surveys conducted by 
the Bureau of Statistics of Shanghai, 12.32% of residents 
were over age 65 in 2015; this proportion is projected 
to rise to 14.81% in 2020 and to 32.97% in 2050 (1). A 
study has plotted health care costs with respect to age and 
used age-cost curves to quantify the relationship between 
age and health care cost (2). Average per capita health 

care cost for Americans age 65 and older was more than 
triple that for a benchmark group (ages 34-44) in 1999 
(3). Per capita spending for the elderly was about 5 
times higher than spending for children (4). Thus, health 
policymakers are concerned about how smaller numbers 
of younger people and increased numbers of elderly will 
affect health care cost.
	 Recent studies have argued that approaching death, 
rather than age, is the demographic driver of health 
care costs because of a proximity-to-death (PTD) 
phenomenon. PTD refers to the fact that terminal patients 
are likely to use more healthcare resources, resulting in 
higher healthcare expenditures, than survivors use (5-
10). The 'terminal' period varies from 1 to 5 years (10-
12). According to Zweifel, Felder, and Meiers, the high 

Summary The aim of this study was to use data from the Information Center of the Shanghai Municipal 
Commission of Health and Family Planning (SMCHFP) to determine the factors affecting 
end-of-life hospital costs of patients. A total number of 43,806 decedents who died in medical 
facilities in 2015 were examined. These individuals, accounted for 34.85% of all deaths in 
2015 in Shanghai. Descriptive analysis and multiple linear regression analysis were performed 
using STATA 13.0. Results indicated that 88.94% of the decedents who died in medical 
facilities were over age 60. Males accounted for 55.57% of decedents, and the insured were 
mostly covered by Urban Employee Basic Medical Insurance (UEBMI) (81.93%). Cancer 
and circulatory disease were the main causes of death, causing 34.53% and 26.19% of deaths. 
Hospital costs were higher for males (male vs. female: 9,013 USD vs. 7,844 USD), individuals 
insured by UEBMI (8,784 USD), and individuals with cancer (10,156USD). Twenty-nine-
point-zero-three percent of admissions occurred in the month before death and accounted 
for 37.82% of costs. Multiple linear regression analysis indicated that hospital costs were 
correlated with gender, cause of death (cancer, circulatory disease, or respiratory disease), 
time-to-death, insurance schemes, level of medical facilities, and length of stay (LOS) (p < 
0.05 for all). After controlling for other factors, age was not a significant factor (p > 0.05). A 
proximity-to-death (PTD) phenomenon was evident in Shanghai. This study suggested that 
the PTD should be considered when predicting medical cost. Primary medical care should 
be enhanced and gaps in insurance coverage should be reduced to improve the efficiency and 
equity of medical funding. More attention should be paid to the population with a heavier 
disease burden.

Keywords: Proximity to death, hospital costs, multiple linear regression analysis

DOI: 10.5582/bst.2017.01244Brief Report

§These authors contributed equally to this work. 
*Address correspondence to:
Dr. Chunlin Jin, Shanghai Health Development Research 
Center, No. 1477 West Beijing Road, Shanghai 200040, China.
E-mail: jinchunlin@shdrc.org



www.biosciencetrends.com

BioScience Trends. 2018; 12(1):87-93.

mortality rate of the elderly and tremendous end-of-life 
medical costs leads to the "inconvenient fact" of PTD, 
which is that population aging has increased overall 
medical cost (10). Most studies have concluded that 
age was less influential than PTD (5,11-13), though a 
few studies that controlled for time-to-death found that 
prolonged life expectancy was still a factor influencing 
the increase in medical cost (14). 
	 Other factors including gender, type of insurance, 
type of disease, and care received have been examined 
as predictors of medical cost. Some evidence has shown 
that males have greater total medical cost per inpatient 
and a longer length of stay (LOS) (15) since traditional 
Chinese culture values males over females, but other 
evidence has shown that women have higher health 
care cost in general and are closer to death (16). The 
PTD phenomenon has been noted in most diseases. The 
cost before death are highest for cancer and lowest for 
cardiovascular diseases (7,17). A previous study indicated 
that patients' LOS and inpatient costs varied depending 
on their health insurance and hospital stay. Uninsured 
patients had lower cost (18). Place of discharge was 
associated with hospital costs (12).
	 Health care cost as a result of population aging 
are mostly attributable to higher mortality rates 
in combination with high costs of dying. A better 
understanding of the costs of dying is crucial to curbing 
health care costs as a result of population aging (19). 
However, few studies have examined the determinants 
of end-of-life medical cost in China due to a lack of data. 
Thus, the aim of the current study was to investigate 
whether PTD exists in Shanghai and to identify the 
factors that influence hospital costs in Shanghai. The 
findings should help policymakers improve the provision 
of medical care to the elderly.

2. Subjects and Methods

2.1. Subjects

Data were collected from the Information Center of 
the Shanghai Municipal Commission of Health and 
Family Planning and cover all admissions to any 
medical facility and all age groups in the population of 
Shanghai. A total of 43,812 decedents died in medical 
facilities between January 1, 2015 and December 31, 
2015. Six decedents were hospitalized for longer than 
2 years in a single stay and were excluded as subjects. 
Hence, a total number of 43,806 decedents served 
as subjects. These individuals accounted for 34.85% 
of all deaths in 2015 in Shanghai. The inpatient care 
received and its cost were tracked for 2 years before 
death. All records were coded for an individual using an 
identification number. Other information from medical 
records included age, gender, type of basic medical 
insurance, diagnosis, date of admission and discharge, 
and cost of medical care.

2.2. Dependent variables

The dependent variable was hospital costs of decedents. 
Hospital costs 2 years prior to death were calculated.

2.3. Independent variables

Demographic indicators: Demographic factors including 
age and gender were examined as potential determinants 
of hospital costs.
	 Cause of death: The cause of death was identified 
based on the latest record of admission for each decedent. 
The International Classification of Diseases (ICD-10) 
was used to classify a decedent's disease.
	 Time-to-death: The time prior to death was calculated 
in months. The inpatient care received and its cost were 
tracked separately 24 months before death.
	 Related indicators of medical care received: Related 
indicators of medical care received included the type 
of insurance scheme, the level of the medical facility, 
and LOS. Insurance schemes were classified as Urban 
Employee Basic Medical Insurance (UEBMI), Urban 
Resident Basic Medical Insurance (URBMI) and New 
Rural Cooperative Medical Insurance System (NCMS), 
or other types. 'Other' types of insurance schemes 
mostly referred to a state medical scheme (covering 
senior officials) or a supplementary medical insurance 
scheme, which provides greater reimbursement for the 
insured. Medical facilities were divided into municipal 
hospitals (tertiary hospitals), district hospitals (most 
were secondary hospitals), or primary care facilities 
(most were community health service centers). LOS 
was included in the model as a continuous variable.

2.4. Statistical analysis

Multiple linear regression analysis was performed 
to simulate hospital costs with a set of explanatory 
variables including age, gender, cause of death, time-
to-death, type of insurance scheme, the level of medical 
facility, and LOS. The least sum of squares method was 
used to estimate the quantitative relationship between 
the dependent variable hospital cost and explanatory 
variables. The model is shown below:

	 InYexp = β0 + β1A + β2G + β3Cau + β4TTD + β5Ins
                  + β6Lev + β7Los + ԑ

	 where A denotes calendar age in years and Los 
denotes the actual length of stay of inpatients. G was a 
dummy variable for gender (0 if female and 1 if male). 
Cau referred to cause of death (otherwise = 0 as the 
benchmark) and Ins referred to the type of insurance 
scheme (otherwise = 0 as the benchmark), and the two 
were included in the model as nominative variables. 
Lev indicated the level of medical facility, which was 
included as an ordinal variable; a primary care facility 
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for 55.57%, and the insured were mostly covered 
by UEBMI (81.93%). Cancer (34.53%), circulatory 
disease (26.19%), respiratory disease (22.44%), and 
gastrointestinal disease (4.94%) accounted for 88.10% of 
all causes of death. The average hospital cost per person 
in the last 2 years was 13,893 USD, and the average LOS 
was 95 days (Table 1). 
	 As shown in Figure 1, more than half of the 
admissions (59.73%) during the last 2 years of life 
were to district hospitals and 33.26% were to municipal 
hospitals. Thirty-seven-point-two-four percent of 
hospital costs were incurred in municipal hospitals, 
58.76% were incurred in district hospitals, and 4.00% 
were incurred in primary care facilities. Seven-point-
zero-two percent of inpatient care provided at primary 
care facilities was for terminal elderly patients, 
compared to 2.60% of the total elderly population when 
survivors were included. The figures indicated that 
patients were more likely to visit primary care facilities 
at the end of their life.

3.1. Hospital costs by population groups

Per capita hospital costs did not increase with age. On the 
contrary, individuals ages 25-29 had the highest cost (up 
to 31,941 USD per capita). The interval hospital costs per 
capita of the elderly age 60 or older were 12,165 USD to 
16,380 USD, and the average cost for the elderly were 
13,487 USD in the last 2 years of life, as shown in Figure 
2. The high average cost for the elderly was probably 
due to their high mortality rate, though end-of-life care 
is costly regardless of whether a patient is age 40 or age 
70 (11-13). In fact, costs were greater for younger age 
groups than for older age groups.
	 One hundred and seventy-four thousand, thirty-
one hospital records were examined for 2 years before 
decedents died. Twenty-nine-point-zero-three percent of 
admissions occurred in the month before death, and those 

served as the benchmark. 
	 Since hospital costs had a skewed distribution, a 
logistic conversion was applied. All statistical analysis 
was performed using STATA 13.0. A significance 
level of 0.05 was used for hypothesis testing. All 
Chinese currency figures in this study were adjusted to 
comparable prices in USD using the average exchange 
rate in 2015 (6.2284 RMB = 1 USD).

3. Results and Discussion

In this study, 43,806 inpatients were examined, of whom 
88.94% were over the age of 60. Males accounted 

Table 1. The age, gender, cause of death, TTD, and related 
indicators of medical care received by decedents in 
Shanghai, China in 2015 (n = 43,806)

Indicators

Age (Mean ± SD)
Gender (n (%))
     Male
     Female
Cause of death (n (%))
     Cancer
     Circulatory disease
     Respiratory disease
     Gastrointestinal disease
     Other cause
Insurance Scheme (n (%))
     UEBMI
     URBMI
     NCMS
     Other type
LOS (Mean ± SD)
Hospital costs (Mean ± SD)

Values

77.32 ± 12.81

24,343 (55.57)
19,463 (44.43)

15,128 (34.53)
11,472 (26.19)
9,829 (22.44)
2,162 (4.94)
5,215 (11.90)

35,891 (81.93)
4,786 (10.93)
1,136 (2.59)
1,993 (4.55)

95.19 ± 145.73
13, 893.46 ± 19,425.47

LOS, length of stay; NCMS, New Rural Cooperative Medical 
Insurance System; SD, standard deviation; TTD, time-to-death; 
UEBMI, Urban Employee Basic Medical Insurance; URBMI, Urban 
Resident Basic Medical Insurance. Other types of insurance schemes 
mostly referred to a state medical scheme or a supplementary medical 
insurance scheme.

Figure 1. Hospital records and costs during the last 2 years of life in medical facilities in Shanghai, China in 2015.
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Figure 2. Hospital costs per decedent in the last 2 years of life by age in Shanghai, China in 2015 (USD).

Figure 3. Hospital records and costs in the last 24 months in Shanghai, China in 2015.

Table 2. Hospital records and costs in the last 24 months of life in Shanghai, China in 2015

Months to death

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Monthly cost (USD)

230,200,255
55,215,780 
40,948,190
34,955,633 
29,322,976 
26,635,464 
22,767,909 
21,075,637 
19,149,939 
17,818,905 
17,269,843 
14,744,503
14,603,365
12,284,234
10,608,182

8,944,79 
7,769,126 
6,557,102 
5,271,144
4,155,078 
3,528,526 
2,363,562 
1,538,910 

887,818 

Cumulative proportion (%)

37.82 
46.90 
53.62 
59.37 
64.19 
68.56 
72.30 
75.77 
78.91 
81.84 
84.68 
87.10 
89.50 
91.52 
93.26 
94.73 
96.01 
97.08 
97.95 
98.63 
99.21 
99.60 
99.85 

100.00 

Hospital records

50,527
15,241
12,257
10,687
9,409
8,544
7,708
7,250
6,583
6,134
5,915
5,359
5,252
4,444
3,783
3,249
2,823
2,339
1,912
1,611
1,248

850
570
336

Cumulative proportion (%)

29.03 
37.79 
44.83 
50.97 
56.38 
61.29 
65.72 
69.89 
73.67 
77.19 
80.59 
83.67 
86.69 
89.24 
91.41 
93.28 
94.90 
96.24 
97.34 
98.27 
98.99 
99.48 
99.81 

100.00 
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stays accounted for 37.82% of cost. In cumulative terms, 
44.83% of records and 53.62% of cost were from the last 
3 months before death, as shown in Figure 3 and Table 2. 
Inpatient care and hospital costs abruptly increase closer 
to death.
	 Average hospital costs by population groups are 
shown in Table 3. Total hospital costs for males were 
9,013 USD, which were higher than those for females 
(7,844 USD) in the last 2 years of life. This finding is 
consistent with the results of related domestic studies 
(15,20,21). More attention needs to be paid to gender 
equity in health. Patients with cancer incurred the most 
costs (10,156 USD) while patients with respiratory 
diseases incurred the least (7,592 USD). Compared to 
other types of insurance schemes, NCMS provided the 
least reimbursement. The mean hospital costs were 3,411 

USD for patients insured by NCMS, and those costs 
were lower than costs incurred by patients insured by 
some other type of insurance (18,053 USD), UEBMI 
(8,784 USD), or URBMI (6,071 USD). In Shanghai, 
the 4 types of insurance schemes varied widely in terms 
of their financing and reimbursement. Patients insured 
by supplementary insurance had the highest medical 
coverage, followed by those insured by UEBMI and 
NCMS (22). Municipal hospitals were 0.55 times more 
costly than district hospitals and 7.13 times more costly 
than primary care facilities, which means that a stay in 
a primary care facility costs much less than a stay in a 
hospital.

3.2. Regression models

Table 3. Average hospital costs by population groups in Shanghai, China in 2015 (USD)*

Population groups

Gender (per capita)
     Male
     Female
Cause of death (per capita)
     Cancer
     Circulatory disease
     Respiratory disease
     Gastrointestinal disease
     Other cause
Insurance Scheme (per capita)
     UEBMI
     URBMI
     NCMS
     Other type
Level of the medical facility (per day)
     Municipal hospital
     District hospital
     Primary care facility

Mean

15,075 
12,415 

15,031 
12,390 
14,424 
12,150 
13,625 

13,336 
9,592 
5,280 

39,165 

420 
221 
41 

P25

3,866 
3,284 

4,632 
3,052 
3,160 
3,344 
3,106 

3,836 
2,572 
1,241 
6,238 

169 
109 
21 

NCMS, New Rural Cooperative Medical Insurance System; UEBMI, Urban Employee Basic Medical Insurance; URBMI, Urban Resident Basic 
Medical Insurance. Other types of insurance schemes mostly referred to a state medical scheme or a supplementary medical insurance scheme.
P25 refers to the first quartile, P50 refers to the median and P75 refers to the third quartile.
*Because of the abnormal distribution of hospital costs, P50 was used to reflect average hospital costs.

P50

9,013 
7,844 

10,156 
7,478 
7,592 
7,642 
7,925 

8,784 
6,071 
3,411 

18,053 

260 
168 
32 

P75

18,282 
16,050 

19,707 
15,162 
16,305 
14,630 
16,508 

17,489 
12,671 
6,833 

51,748 

446 
256 
49 

Table 4. Results of multiple regression analysis of the determinants of hospital costs in Shanghai, China in 2015

Indicators

Age
Gender (Female vs. Male)
Cause of death
     Cancer (Cancer vs. other causes)
     Circulatory disease (Circulatory vs. other causes)
     Respiratory disease (Respiratory vs. other causes)
     Gastrointestinal disease (Gastrointestinal vs. other causes)
Time-to-Death
Insurance schemes
     UEBMI (UEBMI vs. NCMS)
     URBMI (URBMI vs. NCMS)
     Other (Other vs. NCMS)
Level of the medical facility
     Municipal (Municipal hospital vs. Primary care facility)
     District (District hospital vs. Primary care facility)
LOS

                    β

0.0007
0.0320

-0.9010
0.0326
0.0730
0.0066

-0.0183

0.3116
0.2612
0.7536

1.2956
1.1707
0.0100

LOS, length of stay; NCMS, New Rural Cooperative Medical Insurance System; UEBMI, Urban Employee Basic Medical Insurance; URBMI, 
Urban Resident Basic Medical Insurance.

95% Wald CI

(-0.0000-0.0014)
(0.0176-0.0470)

(-0.1167--0.634)
(0.0046-0.0606)
(0.0445-0.1014)
(-0.0346-0.0478)
(-0.194--0.0172)

(0.2604-0.3630)
(0.2075-0.3149)
(0.6922-0.8152)

(1.2641-1.3272)
(1.1409-1.2004)
(0.0097-0.1025)

p value

0.055
0.000

0.000
0.023
0.000
0.753
0.000

0.000
0.000
0.000

0.000
0.000
0.000
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The regression model was statistically significant (F 
= 865.35, p < 0.05), and the estimated coefficients 
(i.e., the variance explained by those variables) of the 
explanatory variables indicated that 22.82% of the 
variance in hospital costs could be explained by gender 
(β = 0.0320, p < 0.05), cause of death (Cancer vs. other 
cause, β = -0.9010; Circulatory vs. other cause, β = 
0.0326; Respiratory vs. other cause, β = 0.0730, p < 
0.05 for all), time-to-death (β = -0.0183, p < 0.05), type 
of insurance scheme (UEBMI vs. NCMS, β = 0.3116; 
URBMI vs. NCMS, β = 0.2612; Other type vs. NCMS, 
β = 0.7536, p < 0.05 for all), the level of medical facility 
(Municipal hospital vs. Primary care facility, β = 1.2956; 
District hospital vs. Primary care facility, β = 1.1707, 
p < 0.05 for both), and LOS (β = 0.0100, p < 0.05), as 
shown in Table 4. 
	 After controlling for other factors, regression analysis 
indicated that age was not significantly associated 
with hospital costs. The current study noted a PTD 
phenomenon since time-to-death was a significant 
factor influencing end-of-life hospital costs. For each 
individual, per capita hospitalization is not necessarily 
affected by the aging of the population due to an increase 
in life expectancy. Rather, the increased proportion of 
the elderly population resulted in more admissions of 
older individuals, leaving per capita cost unchanged 
(10). Rolden, van Bodegom, and Westendorp created 
an economic model of hospital cost based on patients' 
age and time-to-death to predict hospital expenditures 
from 2002 to 2026 in England, and their results indicated 
that the predicted annual increase was half of the rate 
predicted with a traditional method (19), indicating 
that a more accurate projection model should consider 
the concentration of cost towards the end of life (23). 
At the population level, the increase in life expectancy 
suggests a larger elderly population, which poses a great 
challenge to healthcare financing. In order to ensure the 
sustainability of healthcare financing, excessive medical 
cost at the end of life should be rationally curtailed. 
	 The type of medical insurance is an important factor 
that affects the medical care received and its cost (24-
28). Patients who had supplementary hospital insurance 
incurred significantly higher healthcare expenditures in 
Switzerland (10,13,18). The current results indicated that 
insurance schemes significantly influence the end-of-
life hospital costs. Individuals insured by NCMS had a 
significantly lower median rate of admission compared 
to individuals insured by other types of insurance. The 
difference in end-of-life hospitalization among types of 
insurance suggests that individuals with better coverage 
might receive far more care than individuals with poorer 
coverage. 
	 Regression analysis indicated that higher levels 
of medical facilities were most costly. Improving the 
resources of primary care facilities is one way to meet 
the needs of terminal patients and to curtail total medical 
cost. However, the limited number of beds at primary 

care facilities (17, 099 beds, accounting for 13.92% of 
total beds) (29) and prolonged LOS mean that admission 
to a primary care facility is unlikely. 
	 Patients with cancer incurred the greatest costs 
and patients with gastrointestinal diseases incurred the 
least. The increased cost of cancer treatment has placed 
a heavy burden on patients and families (30). Cancer 
was the leading cause of death in Shanghai, so the 
government needs to pay special attention to avoiding 
financial risks and clinicians need to perform a cost-
effectiveness analysis.
	 The current study had several limitations. It only 
included decedents who died in medical facilities while 
a large proportion of individuals who died (over 60%)  
at home or somewhere else. This may have limited the 
generalizability of the current findings.
	 In conclusion, this study found that PTD exists in 
Shanghai since time-to-death was a significant factor 
for end-of-life hospital costs. In addition, hospital costs 
were correlated with gender, cause of death (cancer, 
circulatory disease, or respiratory disease), time-to-death, 
insurance scheme, the level of medical facility, and LOS 
(p < 0.05, for all). When the aforementioned factors were 
controlled for, age was not related to end-of-life cost. 
This study has suggested that PTD should be considered 
when predicting medical cost to make the model more 
accurate. Primary medical care should be enhanced and 
gaps in insurance coverage should be reduced to improve 
the efficiency and equity of medical funding. More 
attention should be paid to the population with a heavier 
disease burden.
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1. Introduction

The cause of immune-related diseases such as allergy 
and autoimmune disease is widely accepted as the 
rupture of the valance among the effector T cells and 
suppressive T cells, including regulatory T cells (Treg) 
at an individual level (1). However, the trigger has 
not been clarified yet. To investigate the relationship 
of the cytokine valance and the onset of such allergy/
autoimmune disease, good in vivo models mimicking 
human symptoms are needed. The model animal needs 

to possess a very similar immune system to that of 
humans, including the ratio of T cell subsets in the 
body, the T cell differentiation pathway, the capacity 
for cytokine production and other effector functions.
	 Rodents and primates are evolutionarily distant 
and the difference of immune-related genes between 
these groups have already been reported (2). There are 
some allergy models that use rodents, but they do not 
completely mimic human allergy symptoms (3). On the 
other hand, non-human primates (NHPs) occasionally 
develop spontaneous allergies such as pollinosis, but 
most NHPs do not develop such allergic symptoms (4). 
	 The reason is not clear, but Jeong et al. analyzed 
the expression of interferon (IFN)-γ, a Th1 cytokine, 
and interleukin (IL)-4, a Th2 cytokine and both 
receptors in old world monkeys and human peripheral 
blood mononuclear cells (PBMCs) (5). They found 
the expression of IFN-γ was lower in the human 
compared to the apes while the expression of IL-4 was 
significantly higher than in the apes. The cytokine 

Summary The in vivo model of pollinosis has been established using rodents, but the model cannot 
completely mimic human pollinosis. We used Callithrix jacchus, the common marmoset 
(CM), to establish a pollinosis animal model using intranasal weekly administration of cedar 
pollen extract with cholera toxin adjuvant. Some of the treated CMs exhibited the symptoms 
of snitching, excess nasal mucus and/or sneezing, but the period was very short, and the 
symptoms disappeared after several weeks. The CD4+CD25+ cell ratio in the peripheral 
blood increased in CMs quickly after the nasal administration of cedar pollen extract, but 
the timing was not parallel with the symptoms. IL-10 mRNA was enhanced in the peripheral 
blood mononuclear cells (PBMCs), suggesting CM-induced tolerance for cedar pollen 
administration. Similarly, Foxp3 mRNA was also detected in the PBMC. Additive sensitization 
of these CMs with Ascaris egg administration did not enhance chronic inflammation of type 
1 allergy to induce the symptoms. These results suggest that the environmental immune cells 
develop transient allergic symptoms and subsequent immune-tolerance in the intranasally 
sensitized CMs.
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receptors were expressed similarly. The results clarified 
that human beings possess a more Th2-dominant 
cytokine environment compared to NHPs (5). The 
reason why human immunity is Th2 dominant is not 
clear, but if the Th2-dominant immunity creates a 
tendency for allergy-development in humans, NHPs 
might not be a good model animal to induce a type-1 
allergy similar to that in humans. However, Iwashita et 
al. used some parasitic worms to infect the old world 
monkeys and succeeded in developing allergy model 
animals (6). The result suggests it may be possible to 
use NHPs as human allergy model animals. On the 
other hand, the tolerance is frequently induced and the 
onset of allergy is suppressed. How the onset of allergy 
is induced or suppressed is not clarified.
	 Callithrix jacchus (common marmoset; CM) is a 
new world monkey (7), for which genome sequence 
analysis and transgenic animals have been established 
(8,9). We reported that CM possesses CD4T cells, 
CD8T cells and B cells in the similar ratio in PBMC 
and the T cells express CD25 and various cytokines 
after the activation, similarly to the cells of mouse 
and human (8). This evidence indicates that the CM is 
useful as a model to analyze human immune disease. In 
fact, the CM has been used to establish an experimental 
autoimmune encephalomyelitis (EAE) model animal 
and multiple sclerosis (MS) model animal, and recently 
an animal model of neuronal diseases (10-12). For the 
allergy, no detailed research has been reported, but 
we developed a CM-specific anti-CD117 monoclonal 
antibody and identified CD117+ mast cells of CM 
that play key roles in allergy and anaphylaxis (13). 
Moreover, by transplanting CM hematopoietic stem 
cells into severely immunodeficient NOG mice (14), 
we succeeded in developing mast cells in vitro and in 
vivo. These results suggested that the induction of type I 
allergy in CMs was possible, although the CM cytokine 
profile showed that they also possessed a Th1-shifted 
cytokine environment similar to other NHPs (15).
	 In this study, we tried to develop pollinosis with 
chronic inflammation in CMs by intranasally sensitizing 
them to cedar pollen extract and infecting them with 
parasitic worms.

2. Materials and Methods

2.1. Animals

Common marmosets (CMs) were obtained from CLEA 
Japan, Inc. (Tokyo, Japan) and maintained in specific 
pathogen-free conditions at the Central Institute for 
Experimental Animals (CIEA, Kawasaki, Japan) or 
Hamamatsu Medical University during the experiments. 
CMs were housed in single cages 39 cm (W) × 55 (D) 
× 70 (H) in size on 12:12 h light/dark cycles. Room 
temperature and humidity were maintained at 26-
27°C and 40-50%, respectively. Experiments using 

CMs were approved by the Institutional Committee 
for Animal Care and Use and performed at CIEA 
and Hamamatsu Medical University according to the 
institutional guidelines. CM age was 1 year, and sexes 
were arbitrary.

2.2. Sensitization of the CM

In total, 35 healthy CMs (1 year old) were enrolled for 
the whole experiment (Table 1). Four groups (Group 1 
to Group 4) were used for the intranasal administration 
of cedar pollen extract (100 μg/head) (Cosmo Bio, 
Tokyo, Japan) with cholera toxin (5 μg/head) (List 
Biological Labs. Inc., CA, USA) every 7 days. Details 
are shown in Figure 1A. Before the first intranasal 
administration, in Group 3 CMs, cedar pollen extract 
(100 μg/head) was immunized intraperitoneally with 
alum adjuvant (5 mg/head Thermo Fisher Scientific, 
Inc., MA, USA) and human recombinant interleukin 4 (1 
mg/head, Chemicon International, Inc., CA, USA). The 
administration was continued for 70 weeks. After an 
interval of 6 months, Group 1 and Group 3 CMs were 
submitted for an additional treatment of oral Ascaris 
infection (3,000 or 6,000 embryonated eggs/head). 
After 3 weeks, oral administration of Combantrin (100 
mg/10 mL water, 3 mL/head, serially for 2 days) (Teika 
Pharmaceutical Inc., Toyama, Japan) was performed 
and the Ascaris were aborted. After the treatment, the 
same intranasal administration protocol was conducted 
in Group 1 (Group 1-2) and Group 3 (Group 3-2). The 
same protocol was used for the Group 5 CMs, which 
were all non-treated individuals. Blood was collected 
from the femoral vein of the CMs using fixator.

2.3. Flow cytometry

CM PBMCs (500 μL/head) were collected into a 
heparinized tube and centrifuged on Lymphocepal 
(IBL Co. Takasaki, Japan) at 670 × g for 30 min. 
Mononuclear cells were collected, and the remaining 
erythrocytes were lysed with low osmotic buffer (20 
mM Tris-HCl, pH 7.4, 0.15 M NH4Cl). After the lysis 
of remaining erythrocytes, they were suspended in 
RPMI1640 medium (Nissui, Tokyo, Japan) containing 
10% (v/v) heat-inactivated fetal calf serum (FCS; 
SAFC Biosciences, Tokyo, Japan). These cells were 
incubated with appropriately diluted, fluorescence-
labeled primary mAb for 15 min at 4°C and washed 
with 1% (w/v) bovine serum albumin (BSA)-containing 
phosphate-buffered saline (PBS). In some cases, cells 
were re-incubated with labeled secondary antibody. The 
mAbs used were as follows: anti-human CD3-Peridinin 
chlorophyll protein-cyanine5.5 (PerCPCy5.5) (SP34-
2), streptavidin-PE and allophycocyanin (APC)-labeled 
streptavidin were purchased from BD Biosciences (NJ, 
USA). Anti-CM CD4 and anti-CM CD25 monoclonal 
antibodies were prepared previously (8). Cells were 
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subjected to agarose gel electrophoresis. The primers 
used are summarized in Table 2.

3. Results and Discussion

At f i rs t ,  we made a  CM group,  to  which we 
administered cedar pollen extract mixed with cholera 
toxin as an adjuvant every week in a long period. 
Cholera toxin was used because it has been considered 
a strong T helper type 2-skewing adjuvant (16) and 
reported to promotes a balanced Th1/Th2/Th17 
response previously (17). The protocol is shown 
in Figure 1A in detail. The blood was collected 
sequentially and checked to see if the treatment induced 
an immune reaction. PBMCs were prepared in order to 
analyze the kinetics of activated helper T (Th) cells. We 
monitored an activation marker of the IL-2 receptor, 
CD25, whose expression is known to increase early 
after T cell activation. As a result, shortly after the nasal 
administration, the CD4+CD25+ activated/regulatory 

incubated with appropriately diluted, fluorescence-
labeled primary mAb for 15 min at 4°C and washed 
with 1% (w/v) BSA-containing PBS. In some cases, 
the cells were re-incubated with a labeled secondary 
antibody for 15 min at 4°C and washed in the same 
buffer mentioned above. Stained cells were analyzed on 
FACSCalibur (BD Biosciences) and CellQuest software 
(CellQuest, FL, USA)

2.4. Semi-quantitative RT-PCR

RNA was extracted from cells by using RNeasy Mini 
Kit (Qiagen, Germantown, MD, USA). RNA (50 ng) 
was reverse-transcribed, and generated cDNA was 
amplified using primers and OneStep RT-PCR kit 
(Qiagen). Reverse transcription was at 50°C for 30 
min, polymerase activation at 95°C for 15 min with 33 
cycles of PCR, each cycle consisted of denaturation 
at 94°C for 1 min, annealing at 60°C for 1 min, and 
extension at 72°C for 1 min. PCR products were 

Table 1. List of common marmosets used for sensitization with cedar pollen extract

Groups

Group 1

Group 2

Group 3

Group1-2

Group3-2

Group 4

Group 5

Control

CM No.

635M
2932M
2933M
I2923
I2925
I2908
I2912
I2934
I2904
635M
2932M
2933M
I2912
I2934
I2904
I3286
I3288
I3299
I3300
I3295
I3103
I3102
I3220a
S158
I3105
I3101
I3106
I3268
I3271
I3274
I3284
X012
X013
I3276
S152

                Treatment

Cedar pollen / Cholera toxin i.n.

Cedar pollen / Cholera toxin i.n.

Cedar pollen i.p./Cedar pollen-
Cholera toxin i,n.

Ascaris/Cedar pollen / Cholera 
toxin i.n.

Ascaris/Cedar pollen i.p./Cedar 
pollen-Cholera toxin i,n.

Cedar pollen / Cholera toxin i.n.

Ascaris/Cedar pollen i.p./Cedar 
pollen-Cholera toxin i,n

No treatment

The first symptom (wk): the week that the symptom appeared for the first time; Other symptoms: other symptoms include nasal mucus and sneezing; 
Total symptoms: the total number of days that the symptoms were observed following treatment; Ascaris No.: the number of Ascaris inoculated in the 
CM; Institute: the institute in which the CMs were housed; Filled cell: the high-responder < 20 total symptoms.

First symptom 
(wk)

(-)
(-)
(-)

28th
28th
26th
(-)
(-)
(-)

14th
15th
16th
(-)
(-)
(-)
4th
3rd
2nd
2nd
1st
6th
2th
(-)
6th
1st

13th
(-)
4th
1st

31th
0

15th
1st
(-)
(-)

Sneeze

×
×
×
×
×
○
×
×
×
×
×
×
×
×
×
×
○
○
○
×
○
○
×
○
○
○
×
○
○
○
×
×
○
×
×

Other
symptoms

×
×
×
○
○
○
×
×
×
○
○
○
×
×
×
○
○
○
○
○
○
○
×
○
○
○
×
○
○
○
×
○
○
×
×

Total 
symptoms

0
0
0
6
6

15
0
0
0
5
4
7
0
0
0
5

16
15
13
4
7

30
2

12
13
12
0

11
34
5
0
1

20
0
0

Ascaris No.

3000 (CIEA)
3000 (CIEA)
6000 (CIEA)
6000 (CIEA)
6000 (CIEA)
6000 (CIEA)

6000 (Hamamatsu)
6000 (Hamamatsu)
6000 (Hamamatsu)
6000 (Hamamatsu)
6000 (Hamamatsu)
6000 (Hamamatsu)

Institute

CIEA
CIEA
CIEA
CIEA
CIEA
CIEA
CIEA
CIEA
CIEA

Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
Hamamatsu
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Table 2. Primers for RT-PCR

Genes

IL-2
IL-4
IL-5
IL-6
IL-10
IL-17A
IL-17F
IFN-γ
TNF-α
Foxp3
HPRT
β-actin

                         Forward strand primer

5'-ATGTACAGCATGCAGCTCGC-3'
5'-TGTCCACGGACACAAGTGCGA-3'
5'-GCCAAAGGCAAACGCAGAACGTTTCAGAGC-3'
5'-ATGAACTCCTTCTCCACAAGCGC-3'
5'-GGTTACCTGGGTTGCCAAGCCT-3'
5'-CTCCTGGGAAGACCTCATTG-3'
5'-CAAAGCAAGCATCCAGCGCA-3'
5'-CTGTTACTGCCAGGACCCAT-3'
5'-GAGTGACAAGCCTGTAGCCCATGTTGTAGCA-3'
5'-GAAAATGGCAGTGCCCAAGGG-3'
5'-CCACTTAGAACGTTCTCCAG-3'
5'-TCTCCCCAAGTTAGGTTTTGTC-3'

                         Reverse strand primer

5'-GCTTTGACAGAAGGCTATCC-3'
5'-CATGATCGTCTTTAGCCTTTCC-3'
5'-AATCTTTGGCTGCAACAAACCAGTTTAGTC-3'
5'-GAAGAGCCCTCAGGCTGGACTG-3'
5'-CTTCTATGTAGTTGATGAAGATGTC-3'
5'-CAGACGGATATCTCTCAGGG-3'
5'-CATTGGGCCTGTACAACTTCTG-3'
5'-CGTCTGACTCCTTCTTCGCTT-3'
5'-GCAATGATCCCAAAGTAGACCTGCCCAGACT-3'
5'-GTCCATGTTGTGGAGGAACT-3'
5'-GCTCTACTAAGCAGATGGC-3'
5'-ATCATGTTTGAGACCTTCAACAC-3'

Genes: the CM genes according to which the primer was designed. Abbreviations: IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, 
interleukin-6; IL-10, interleukin-10; IL-17A, interleukin-17A; IL-17F, interleukin-17F; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α; HPRT, 
hypoxanthine-guanine phosphoribosyltransferase.

Figure 1. Immune reaction of CMs with the sensitization with cedar pollen extract. (a). Protocol for Group 1 to Group 
5 CM sensitization. Serial blood collection was optional. (b). Kinetics of CD4+CD25+ T cell subset in the PBMC after cedar 
pollen administration (representative data of Group 1 and 2 CMs). (c). Group 2 I2908 after the 26th treatment. Immediately after 
administration, the CMs began to sneeze and nasal mucus was observed.
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T cell ratio was increased. The ratio was highest at day 
3 and gradually decreased (Figure 1B) suggesting the 
CD4+ cells were activated and expressed IL-2 receptor 
by the treatment. As the immune reaction could be 
induced in these CMs, we continued the administration 
and checked if pollinosis-like symptoms were observed. 
For Group 3 CMs, intraperitoneal administration of 
cedar pollen extract was performed before the nasal 
administration in order to activate systemic immune 
response against cedar pollen antigens. As shown in 
Table 1, among these three groups, only the three CMs 
in Group 2 developed symptoms similar to pollinosis 
after 26-28 weeks, including sneezing and nasal mucus 
immediately after the nasal administration of cedar 
pollen extract (Figure 1C). However, the symptoms 
disappeared in 3 months and no CMs developed 
chronic inflammation. The Group 4 CMs developed the 
pollinosis-like symptoms earlier than Groups 1 to 3. 
There was a high responder in Group 4, which showed 
more than 20 instances of symptom observation. 
However, the symptoms also disappeared similarly to 

the other groups.
	 Next, we analyzed if the ratio of CD4+CD25+ cells 
were stably high after the 6th administration, the period 
in which all three CMs expressed some symptoms. 
As a result, the ratios of the CD4+CD25+ cells in 
the treated CMs (0.27% for I3300, 0.27% for I3288 
and 0.34% for I3286) was stably higher than control 
CMs (0.02%) as shown in Figure 2A. However, the 
CD4+CD25+ cells, which transiently increased early 
after the nasal administration of cedar pollen extract, 
are known to contain not only activated effector T cells 
but also tolerant Treg cells (1). The master transcription 
factor of Treg cells is known to be Foxp3 in mouse 
and human cells, although human T cells can express 
Foxp3 without regulatory activity (18). Therefore, in 
order to detect the existence of Treg cells, in which 
Foxp3 transcription factor was expressed, we extracted 
mRNA from the PBMCs and the expression of Foxp3 
mRNA was analyzed by semi-quantitative RT-PCR. 
As a result, we observed the expression of Foxp3 in 
these cells, which indicate the fractions contain Treg 

Figure 2. Immune suppression of CM after repeated sensitization with cedar pollen extract. (a). CD4+CD25+ T cell analysis 
of CM PBMC. Upper panels: CM without the treatment (S152); lower panels: CMs sensitized with cedar pollen extract for 6 weeks 
(with symptoms). The percentages of CD4+CD25- single positive Th cells (upper left) and CD4+CD25+ double positive Th cell/
Treg cells (upper right) in the CD3+ T cell gate (data not shown) was shown in each panel. (b). RT-PCR for CM Foxp3 in the sera of 
the PBMC of two CMs (I2908 and I2925 after the 6th treatment). β-Actin was used for the positive control. D0-D7 means day 0 to 
day 7 after the treatment. C. RT-PCR for CM cytokines of non-treated CM PBMCs (upper panels; H21-H25, not enrolled CMs) and 
treated (lower panels; I2908 and I2925 with symptoms) PBMC mRNAs. HPRT was used for the positive control.
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cells, although the level did not largely increase shortly 
after the treatment (Figure 2B). The expression was 
decreased after 7 days, indicating the enhancement of 
the expression was transient in this time point
	 On the other hand, we simultaneously analyzed 
the cytokine profiles of these CM PBMCs by semi-
quantitative RT-PCR. The cytokines include IL-2, 
TNF-α and IFN-γ as Th1 cytokines, IL-4, IL5 and IL-
10 as Th2 cytokines, IL-17 as a Th17 cytokine and IL-
10 as a Treg cytokine. Transforming growth factor 
(TGF)-β and IL-6 are inflammatory cytokines, which 
can induce Treg and/or Th17 cells as well (19). In non-
treated CM, TGF-β, TNF-α and IFN-γ tended to have 
high expressions, similarly to the report of Fujii et al. 
(15). On the other hand, while non-treated CM PBMCs 
expressed very low levels of IL-10 mRNA and higher 
sensitivity was needed to detect the band in RT-PCR 
(data not shown), the expression of IL-10 mRNA was 
clearly detected in the treated CM PBMCs (Figure 2C). 
Other cytokines showed very similar levels between 
treated and non-treated CM PBMCs. These results 
showed that nasal administration of cedar pollen 
with cholera toxin did not induce pollinosis in CMs 
effectively.
	 As Iwashita et al. succeeded in the induction of 
pollinosis in NHPs using swine Ascaris as adjuvant, we 
tried to induce pollinosis in these CMs by employing 
the same protocol. Swine Ascaris was used to infect 
CMs of Group 1 and Group 3 after the 6-month 
interval and resulting symptoms were observed. 
The detail of the infection and the administration of 
cedar pollen extract are shown in Figure 1A. Similar 
to the first administration of cedar pollen, it took 
more than 14 weeks to observe the symptoms of 
pollinosis in Group 1-2, while Group 3-2 showed 
no symptoms by this treatment (Table 1). Group 5 
CMs showed the symptoms earlier and in a higher 
ratio compared to Group 1-2 and Group 3-2. There 
are two high responders in Group 5. Again, although 
the CM individuals developed transient symptoms of 
sneeze and nasal mucosa immediately after the nasal 
administration of cedar pollen extract, the symptoms 
were not maintained and shortly after the development 
of the symptoms, they disappeared. Overall, the 
appearance of the symptoms in the groups only given 
cedar pollen extract and CT was not largely different 
from the Groups with Ascaris.
	 Th2 cells tend to develop under the IL-4 abundant 
environment, while Treg cells are induced under a 
TGF-β dominant environment, similarly to Th17 
development (20). Differentiation of T cells into each 
cell lineage is reported to be largely affected by the 
TGF-β level and other cytokine environment (21,22). 
According to our results shown in Figure 2C and as 
Fujii et al. reported, TGF-β mRNA level was high 
and those of IL-6 and IL-4 were low in CMs without 
treatment. IL-17 was expressed at a detectable level (8, 

15). The cytokine environment observed in CM PBMCs 
was predicted not to be adequate to Th2 development, 
but adequate to Treg and IL-27 enhanced IL-10 
secreting cell differentiation. Moreover, as we observed, 
only IL-10 mRNA expression was increased after the 
intranasal cedar pollen extract administration. These 
results suggest that immune-tolerance was induced in 
these CMs. Although the induction of IL-10-producing 
CD4+ T cells in the Th2 environment is possible, it 
is more probable that Treg cells were developed in 
these CMs. The higher response of Group 5 compared 
to Group 3-2 might be attributed to the tolerance 
induction of Group 3 after the intranasal administration 
of cedar pollen extract. On the other hand, CM PBMCs 
expressed high levels of IFN-γ mRNA even after the 
treatment, suggesting the cytokine environment still 
maintains the Th1 immune cell environment. The 
result is in line with the previous report (8), and it is 
not surprising that the CM cytokine environment is 
Th1-dominant even after cholera toxin and Ascaris 
administration because most NHP species maintains 
Th1 environment (5). We also tried to detect CM IgE, 
by using ELISA method and mass spectrometry in CM 
plasma, but no detectable IgE was observed, while CM 
IgE gene has not been identified yet (23).
	 Although the same treatment in Groups 1, 2 and 
4 induced different outputs, the unevenness of the 
symptom expression in the same treatment might be 
attributed to the fact that the MHC background of CM 
is not homologous. Because the immune reaction needs 
the specific peptide of cedar pollen extract and the 
MHC, which can present the peptide, the difference of 
MHC type might affect the response. The difficulty in 
using such experimental animals with heterogeneous 
backgrounds should be overcome by examining the 
MHC type and establishing MHC homozygous CMs.
	 CM also has a unique character for antigen 
recognition. CM expresses Caja-G proteins, which are 
orthologous to human leukocyte antigen (HLA)-G, 
an immune-suppressive, non-classical HLA class I 
molecule found throughout the body (24). Shiina et al. 
determined the gene structure of Caja-G. The Caja-G 
gene cluster contains 14 loci, at least 5 of which express 
functional gene products (25); plural alleles have been 
found in these loci (26-29). The variation and the 
binding of peptide suggested that it is more similar 
to classical HLA in humans, but the real function 
of Caja-G is yet to be clarified. If CM possesses the 
suppressive class I MHC, it might easily induce immune 
suppression after the sensitization even with Ascaris 
or cholera toxins. While allergy is a non-preferable 
condition, more wildlife-derived animals such as CMs 
are rarely affected by the allergy while pet animals are 
occasionally affected by the disease. The main reason 
might be the frequency of infection, which may induce 
strong Th1 immunity. However, it is curious that the 
experimental animals without such infection also have 
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Th1-preferred immunity. Although CM is housed in the 
environment for experimental animals, which avoids 
the infectious diseases, the immunological character 
is maintained in these experimental animals. If the 
environment is not shifted to some allergy-inducing 
ones, the immunity might be basically Th1 type in 
this species. The reason why the Hamamatsu CM is 
more prone to induce the symptoms might be some 
difference between the two institutes independent from 
the required uncontaminating condition. We might need 
to clarify the factors or another tool to induce strong 
allergy-inducible factors such as pollution-related 
factors to establish CM models for the allergy research.
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