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Abstract

Professor Li Ao was one of the founders of Chinese burn medicine and one of the most renowned doctors and
researchers of burns in China. He established one of the Chinese earliest special departments for burns at Third Military
Medical University (TMMU) in 1958. To memorialize Professor Li Ao on his 100th birthday in 2017 and introduce our
extensive experience, it is our honor to briefly review the development and achievement of the Chinese burn medicine
from TMMU. The epidemiology and outcomes of admitted burn patients since 1958 were reviewed. Furthermore, main
achievements of basic and clinical research for the past roughly 60 years were presented. These achievements mainly
included the Chinese Rule of Nine, fluid resuscitation protocol, experience in inhalation injury, wound treatment
strategies, prevention and treatment of burn infections, nutrition therapy, organ support therapies, and rehabilitation. The
progress shaped and enriched modern Chinese burn medicine and promoted the development of world burn medicine.
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Background
The year of 2017 is the one hundredth anniversary of the
birth of Professor Li Ao, who was one of the founders of
Chinese burn medicine and one of the most renowned
doctors and researchers of burns in China (Fig. 1). In
1958, China entered the period of the Great Leap
Forward, which mainly included the massive and unstan-
dardized production of steels. During this process, a vast
majority of burn injuries occurred. As a general surgeon,
Professor Li Ao realized that burn injuries would become
a severe problem in the country. With the help of the
Southwest Hospital affiliated with the Third Military Med-
ical University (TMMU), he and his colleagues established
the earliest special department for burns, which was the
precursor to the Institute of Burn Research (IBR). Al-
though it started with 3 doctors and 6 beds, it now has 30

doctors and 150 inpatient beds (including 18 ICU beds).
More than 200 inpatients were admitted at the peak time,
and approximately 1800 burn inpatients from the southwest
of China and other distant regions are hospitalized at the
IBR every year. Since its foundation, over 27,000 burned
patients and over 3000 patients undergoing reconstruction
and rehabilitation have been admitted to the IBR. In fact,
the IBR has become one of the biggest burn centers not
only in China but also in the world.
Prompted by Professor Li Ao, the IBR has been

continuously exploring the pathophysiological character-
istics and the treatment strategies of burn injury for the
past 60 years. These studies have covered basic mechanism
to clinical treatment, such as burn hypoxia/ischemia injury,
fluid resuscitation, inhalation injury, wound healing, burn
infection, burn metabolism and nutrition, and hypertrophic
scarring. This research shaped and enriched modern
Chinese burn medicine and has contributed to burn medi-
cine around the world. The progress of the burn medicine
at TMMU and the development of IBR are also attributed
to many experts and doctors, such as Professor Xiao
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Guangxia, Professor Yang Zongcheng, Professor Wang
Shiliang, Professor Zhang Yaping, Professor Hu Jia’nian,
Professor Ai Shenhai, Professor Kang Shaoyu, and Professor
Shi Jixiang.
Because of the achievements in burn medicine, Prof.

Li Ao won the Evans Prize from the American Burn
Association and was elected to the Chinese Academy of
Engineering in 1994. However, he passed away in 1999.
To memorialize Professor Li Ao, it is our honor to re-
view the development and achievement of the IBR in
burn medicine on the occasion of his 100th birthday.

Review
Epidemiology and outcomes
All the literatures related to burn epidemiology in the
IBR were reviewed, and the data before 2002 were ex-
tracted from five articles [1–5]. The unpublished data
were summarized according to the medical records with
ethical approval of hospital ethical committee. In total,
over 27,000 burned patients and over 3000 reconstruc-
tion and rehabilitation patients have been admitted to
the IBR. The new admission rate was less than 120 cases
a year before 1980, and since then, the number has in-
creased rapidly. The number of inpatients reached
roughly 1800 cases in 2016.

Burn area
Although the number of burn inpatients has sustained
growth, the pattern of cases has been changing. From
1958 to 1990, the cases of both minor (defined as less
than 50% total body surface area (TBSA)) and major
(defined as over 50% TBSA) burn injuries sustained con-
tinuous growth. Since the 1990s, although the number
of admitted cases of minor burns has increased rapidly,
the cases of major burns remained at an approximately
constant level, and the average number of admitted
patients with severe burns (over 90% TBSA) even began
to decrease (Fig. 2). This is similar to the result of a pre-
vious study in the east region of China [6]. Because most

cases of major burn injuries occur in the workplace, this
trend might reflect the improvement of industrial injury
protection in China over past decades.

Etiology
The main causes of burn injury have also changed over
the past 40 years (Fig. 3). The thermal injury is consist-
ently the leading cause of burns, comprising approxi-
mately 80% of all burns. The proportion of burns
associated with electrical injury significantly increased
from 8.52% in the 1980s to 15.06% in the 2010s (p <
0.001). For chemical injury, although the absolute
number of cases every year was approximately equal
from 1980 to 2010, a reduction in the relative percentage
was observed in these four decades. The increased mor-
bidity of electrical injury was a common trend in China

Fig. 1 Professor Li Ao at the Institute of Burn Research in 1996

Fig. 2 Average annual cases of admitted burn patients with
different burn areas

Fig. 3 Burn etiology characteristics
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and might be associated with the expansion of the power
grid in this country and a defect of safety precautions [6, 7].
Given the poorer prognosis and high amputation rate asso-
ciated with electrical injury, more attention should be given
on the prevention of electrical burns [8].

Cure rates
With the fundamental understanding of the patho-
physiological changes after burns and the establishment
of a treatment system, the therapeutic effect continu-
ously improved, especially since the 1980s. The total
cure rate was 92.48% before 1980 and increased signifi-
cantly to 96.64% in the 1980s (p < 0.001). Then, it
increased gradually to 99.20% in the 2010s. For minor
(<50% TBSA) burn patients, the cure rate maintained a
high level at over 90% and increased slightly in these de-
cades. For major (≥50% TBSA) burn injuries, the cure
rate rose significantly (Fig. 4). The above results indicate
that great improvements in treatment outcomes have
been achieved in the IBR.

Mortalities
With the improvement of burn treatment, the mortality
of burn victims has continuously declined in the last
60 years. From 1958 to 1980, the median burn area of
patients dying from burns was 58.4% TBSA, and it rose
gradually in the 1980s and 1990s, until it reached a plat-
eau of approximately 77% TBSA in the 2000s (Fig. 5a).
This also reflects the improvement of the burn
treatment.
The cause of death also changed greatly across the de-

cades (Fig. 5b). Systemic infection has been the leading
cause of death of burn patients over the past 40 years.
The proportion of deaths from infection even increased
from 27.61% in the 1980s to 38.27% in the 2010s.
Internal organ complication was the second main cause
of burn deaths, and the percentage of deaths caused by
organ failure increased significantly from 22.22% in the

1980s to 33.33% in the 2010s. However, the proportion
of deaths, which are led by inhalation injury and hypo-
volemic shock, were once the main causes of death in
the early stage of burn injury and have continued to
decline in the meantime.

Main achievements of basic and clinical research
Compared with other domestic or foreign burn centers,
the IBR appears to have better outcomes of burns, espe-
cially for major burn patients. One of the explanations is
our extensive experience, which is based on the large
number of cases admitted. However, the most important
reason might be that the IBR has been focusing on carry-
ing out clinical and basic research and has translated the
basic findings into clinical practice. Some of the main
achievements obtained from the IBR are as follows.

Creating the Chinese Rule of Nine to estimate the burn area
The burn area is one of the major factors when judging
burn severity. Based on the measure of body area from
450 healthy Chinese adults, the IBR and colleagues from
the histology department of the TMMU developed the
Chinese Rule of Nine in the early 1960s [9]. The details
of the Chinese Rule of Nine for adults are as follows
(Fig. 6): one nine in the head/neck: scalp 3%, face 3%,
and neck 3%; two nines in the upper limbs: hands 5%,
forearms 6%, upper arms 7%; three nines in the trunk:
front 13%, back 13%, perineum 1%; and five nines in the
lower limbs: buttocks (male 5%, female 6%), thighs 21%,
shins 13%, feet (male 7%, female 6%). Because children
have higher area of the head and lower area of the lower
limbs than adults, the area of the head/neck equals 9%
plus (12–age) % and the area of the lower limbs equals
46% minus (12–age) %. The major difference between
the Chinese Rule of Nine and the Wallace rule lies in
the assigned area of the trunk and lower limbs. The
Chinese Rule of Nine considers a larger area of the trunk
and a smaller area of the lower limbs than does the Wal-
lace rule [10, 11]. Because the Chinese Rule of Nine is
more suitable for Chinese than the Wallace rule, the
Chinese burn committee implemented this rule in 1970.
Presently, almost all of the burn centers in China use
this Chinese Rule of Nine to estimate the burn area.

Forming the Chinese protocol of fluid resuscitation for
major burns
The massive fluid leakage from circulation to interstitial
space and wound, which is induced by the increased vas-
cular permeability, is the pathophysiological foundation
for a decreased circulating volume that may result in
hypovolemic shock. Therefore, intravenous fluid resusci-
tation is often required in the first 48 h following burns,
especially in cases of severe burns. Different burn cen-
ters have different methods of fluid resuscitation during

Fig. 4 The distribution of cure rates by burn areas
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the early phase after the severe burn injury. Although
multiple formulas, such as the Parkland, Evans, and Brook
formulas, have been adopted worldwide, there is no inter-
national consensus, and the fluid resuscitation protocol
varies across regions and burn centers. Based on the expe-
riences of burn fluid resuscitation in 147 adult major burn
patients, the IBR developed the TMMU formula in 1962

[12]. Our recent study showed that the TMMU protocol
was more suitable for Chinese patients. With the help of
primary medical organizations in China, the TMMU for-
mula has been widely used for the fluid resuscitation of
severe burns during the early phase.
The TMMU fluid resuscitation protocol contains the

following steps [13]. (1) During the first 24 h after injury,

Fig. 5 Analysis of burn deaths. a The distribution of median TBSA of burn deaths. b The causes of burn deaths
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1 ml of crystalloid and 0.5 ml of colloid per 1% TBSA
burn area per kilogram body weight and 2000 ml water
are given to adult burn patients. For pediatric burn
patients, 1 ml of crystalloid and 1 ml of colloid (younger
than 2 years) or 0.88 ml of each (older than 2 years) per
1% TBSA burn area per kilogram body weight are given.
Furthermore, the water volume is calculated based on
the body weight (100 ml per kilogram for the first 10 kg
body weight, 50 ml per kilogram for the second 10 kg
body weight, 20 ml per kilogram for the rest). For the
administering speed, this protocol recommends that one
half of the total fluid should be administered within the
first 8 h and that the other half be administered in the
following 16 h. The common types of colloid include
blood, plasma, albumin, and dextran. The recommended
crystalloid is lactated Ringer’s solution, and water is 5%
glucose solution. (2) During the second 24 h after injury,
the TMMU protocol recommends that half of the crys-
talloid and colloid volume and the same volume of water
that were used in the first 24 h be homogeneously given.
(3) If the fluid installation was completed in advance, the
crystalloid and colloid (ratio of 2:1), not water, should
continue to be administered. (4) Doctors should keep in
mind that any fluid formula is only the estimation of re-
quired fluid volume; thus, the fluid resuscitation should
be adjusted based on the situation of the patient, such as
age, gender, burn depth, complication, resuscitation
starting time, patient’s response, and basic condition. In
particular, the speed of fluid resuscitation should be
changed according to the comprehensive evaluation, and

monitoring of the patient, such as the urine output,
mental status, heart rate, blood pressure, and tissue per-
fusion, should be performed. Furthermore, we also
developed a formula for delayed rapid fluid resuscitation
for burn patients [14].
Under the guidance of the TMMU protocol, the inci-

dence and mortality of hypovolemic shock has contin-
ued to decrease over the past 40 years. In the 1980s, the
overall incidence of hypovolemic shock was 10.14%. In
contrast, in the 2010s, the incidence of hypovolemic
shock was only 2.26%. The mortality rate of patients
with hypovolemic shock dropped from 12.50% during
the 1980s to 3.70% during the 2010s (p < 0.001) (Fig. 7).

Framing the strategies of diagnosis and treatment of
inhalation injury
Our center began experimental research on the mechan-
ism of inhalation injury in the early 1980s [15–17]. Our
experimental research and clinical experience promoted
the understanding and care of inhalation injury. It was
found that the increased pulmonary microvascular
permeability, induced by various humoral factors (i.e.,
lysosomal enzyme), was responsible for the pulmonary
edema [18, 19]. Both the incidence and the mortality of
inhalation injury have decreased gradually over the past
40 years (Fig. 8). In the 1980s, the overall incidence of
inhalation injury was 8.95%, but in the 2010s, the
incidence of inhalation injury was only 3.73%. The mor-
tality rate of patients with inhalation injury dropped
from 25.40% during the 1980s to 4.47% during the 2010s
(p < 0.001).

Fig. 6 The schematic diagram of the Chinese Rule of Nine

Fig. 7 Incidence and mortality of hypovolemic shock
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Active care, including early diagnosis, early airway
control, and mechanical ventilation, has contributed to
the improved clinical treatment effect [20]. The in-
creased application of fiber-optic bronchoscopy aided
the accurate diagnosis and severity grading of inhalation
injury. In our center, most patients who had a history of
exposure to steam, smoke, or chemicals in a closed
space and the singeing of hairs in the nose vestibule
would receive fiber-optic bronchoscopy. Furthermore,
early tracheotomy was performed not only to benefit
mechanical ventilation but also to prevent upper airway
obstruction; therefore, the rate of tracheostomy was rela-
tively higher. The indication for mechanical ventilation
was also not strict. It is always complicated with the
dysfunction of microcirculation during the early phase
after a severe burn injury. To ensure adequate support
of oxygen to cells and tissues, the level of PaO2 should
be maintained over 100 to 120 mmHg with the applica-
tion of mechanical ventilation. In addition, other active
treatment strategies, such as no restriction of fluid
volume in shock resuscitation, inhaling pure oxygen in
the first 2 h, early and repeated bronchoalveolar lavage,
and intratracheal administration of alveolar surfactant,
are encouraged in our center.

Forming the Chinese methods to heal burn wounds

Early extensive escharectomy The hypoxia and ische-
mia induced by burn stress or endotoxemia shock could
stimulate the secretion of various cytokines and eventu-
ally lead to systemic inflammatory response syndrome

(SIRS). SIRS can cause multiple organ dysfunction syn-
drome (MODS) and even multiple organ failure (MOF),
which are two major risk factors for deaths due to burns.
Because the necrotized tissues, the edematous fluid, and
the infected foci in the burned wounds are the main
continuous sources of stimuli, we held the view that
escharectomy should be performed as early and thor-
oughly as possible to contain SIRS. Our research showed
that early extensive escharectomy could significantly im-
prove the survival rate, reduce the incidence of MODS
and MOF, and decrease the level of various inflamma-
tory cytokines [21]. In our experience, the whole eschar
of full-thickness burns and adjacent deep partial-
thickness burns were excised at one operation as soon as
the hemodynamic parameters and the patient’s general
condition were stable. The excised wound beds were
covered with skin autografts and a heterogenetic skin
graft. It is worth noting that a cooperative expert team
(including experienced burn doctors, nurses, and anes-
thesiologists) and enough grafting skin and blood
preparation are the prerequisites for early extensive
escharectomy [22, 23].

Intermingling auto-allografts and microskin grafts It
is still a big challenge to heal the extensive burn
wounds after an escharectomy due to the shortage of
autoskin donor sites. There are many methods to
cover the extensive skin wounds, such as small piece
skin graft, meshed graft, MEEK graft, microskin graft,
intermingling auto-allografts, and large sheet allograft.
The intermingling of auto-allografts indicates the
intermingled transplantation of large sheet alloskin
with little pieces of autoskin. First, large sheet alloskin
is dispersed by square U holes with an area of
0.5 cm × 0.5 cm and a gap of 1 cm. The holed allo-
skin is covered on the wound bed. We also invented
a machine that could prepare the U holes on the
large sheet alloskin. Second, 3 to 5 days later, same-
sized split autoskin are embedded into the hole of
alloskin and covered with the U alloskin flap of the
holes. This method requires large amounts of
alloskin.
Micro-autoskin graft is another main method to treat
the extensive burn wounds. The microskin graft
technique was first reported in 1986 [24] and could
economize the autograft. At our institute, microskin
grafting was performed regularly in patients who had
limited autografts by using the reported methods with
some modifications. We found that a microskin graft
with an area expansion ratio of 10:1 achieved the best
wound healing effect [25, 26]; thus, the microskin
graft could partly solve the problem of covering
extensive burned wounds with small areas of auto-
grafts [27, 28].

Fig. 8 Incidence and mortality of inhalation injury
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Suitable coverage is necessary to supply the best
microenvironment for the survival and expansion of the
skin autograft on wounds. During the operation of inter-
mingling auto-allografts or the microskin graft, the large
sheet alloskin is always necessary. IBR invented a method
to prepare the kind of large sheet alloskin in 1962. The
large sheet alloskin was obtained by shelling the
subcutaneous tissue and partial dermis with a drum
dermatome from the cadaver skin continuously without
cutting it off. It was found that the alloskin is the best
temporary coverage for extensive burn wounds and auto-
grafts. However, we must find some other suitable substi-
tute materials due to the shortage of cadaver alloskin.

Transgenic porcine skin Other than autograft skin and
cadaver skin, heterogenetic porcine skin graft is the best
choice of wound coverage. However, the survival time
and effect of porcine skin graft are limited due to the
immune rejection. In contrast, the conventional
immunosuppressive agents are not suitable for burn
patients. CTLA4 Ig could competitively bind with the B7-
CD28 and block the B7/CD28-CTLA4 co-stimulation sig-
nals, which play a key role in acute cellular rejection after
porcine skin transplantation. Therefore, we transferred the
CTLA4Ig gene into porcine skin in vitro with the adeno-
virus vector before transplantation. It was found that
CTLA4 Ig could be massively expressed locally in the por-
cine skin, which prolonged the survival by decreasing the
immune rejection and improved its treatment effect [29].
We confirmed its safety by a multi-center, randomized par-
allel control clinical trial. The gene-transferred porcine skin
graft has been approved by the Chinese State Food and
Drug Administration and commercialized, and this product
is widely used in wound coverage of severe burn patients.
Moreover, from the clinical trial, it was found that the aver-
age survival time after the gene-transferred porcine skin
was prolonged to 19.37 days from 13.63 days of non-
transferred control porcine skin. To have a longer survival
time, we successfully cultivated a transgenic pig which
could express CTLA4Ig specifically only in the skin, and
the transgenic porcine skin was found to survive much lon-
ger than the control after grafted to mouse wounds. We
hope that this kind of transgenic porcine skin can be used
in clinics in the near future.

Prevention and treatment of burn infections

Composing the clinical guidelines to prevent and
treat the burn infection To standardize the clinical pre-
vention and treatment for burn infections, experts in the
IBR and colleagues from other centers proposed several
guidelines based on our own experiences and evidence.
For post-burn sepsis, we raised the diagnostic criteria and
treatment guidelines [30, 31]. The diagnostic criteria

mainly include the infection of burned wounds, the patho-
gen diagnosis, and the systemic response. Furthermore,
the treatment guidelines include infectious source control,
rational use of antibiotics, continuous blood purification,
application of glucocorticoids, immunomodulation, symp-
tomatic and supportive treatment, and prevention of
hospital-acquired infection. For burn invasive fungal infec-
tions, experts from the IBR and other 18 burn centers all
over China composed the “Guideline for diagnosis,
prophylaxis and treatment of invasive fungal infection
post burn injury in China 2013” [32]. Host susceptibility,
clinical manifestation, standardization of diagnosis, pre-
vention, and treatment of fungal infection including surgi-
cal intervention are embodied.

Enterogenic infection Generalized infection is one of
the most serious complications during the treatment of
burn patients. Large open wounds serve as classic por-
tals of entry for a wide variety of infective microorgan-
isms. However, studies conducted at the IBR were the
first to confirm that a destroyed intestine was another
important source of infection after burns. In 1962, we
found that bacteria were detected in the patient blood
before the corresponding bacteria emerged in a burn
wound and the type of bacteria concentrated on the
common bacteria in the intestine [33]. In the 1980s, ani-
mal experiments at our center showed that FITC-
labelled Pseudomonas aeruginosa, Bacteroides fragills,
and Candida albicans could be observed in the liver,
spleen, lung, kidney, blood, and mesenteric lymph nodes
in 3 h after animals were burned and received labelled
organisms by gastric intubation [34, 35]. The pathogens
could directly pass through the injured gut lines or were
indirectly enwrapped by the intestinal epithelial cells.
Furthermore, the gut endotoxin could invade into the
blood through the abnormal tight junctions between in-
testine epithelial cells. Shock could accelerate the intes-
tinal organism invasion, and therefore, the successful
resuscitation from burn shock could partially prevent in-
fection. As a common intestinal complication after
burns, the intestinal tract obstruction could also disturb
the bacterial balance and promote bacteria invasion.
Malnutrition, especially a lack of glutamine, could result
in the shrinking of intestinal mucosa, which could lead
to the translocation of bacteria under the stimulation of
an endotoxin [36].
Our results support the concept that indigenous gastro-
intestinal flora or exogenous organisms colonizing the
gut intestine tract may be a potential reservoir for
systemic bacterial infection following thermal injury,
endotoxemia, endotoxemia plus malnutrition, and intes-
tinal tract obstruction. Therefore, we recommend that
bacteria translocation from the gut should be prevented
by the following methods: adequate fluid resuscitation,
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easing stress-induced damage, early enteral feeding, pre-
vention of flora imbalance, and others.

Nutrition therapy for severe burns

Estimation of calorie requirement: the TMMU energy
formula The hypermetabolic status after burns deter-
mines the high calorie and energy requirements. The
calorie is the main type of energy expenditure. There-
fore, it is crucial to correctly and simply estimate the
calorie requirement in burn patients. Indirect calorim-
etry and formula estimation are the two common
methods of estimating calorie requirement [12]. As the
most widely used method, the Curreri formula is based
on the body weight and TBSA (Adult calorie requirement
[kJ/d] = 104.6 kJ × Body weight [kg] + 167.4 kJ × TBSA%)
[37]. However, energy expenditure is positively associated
with the body surface area, not the body weight. Further-
more, the Curreri formula estimates much higher calorie
requirements in patients with large TBSA and is not
suitable for the Chinese population who is of a different
race and has different dietary habits from people in
western countries. Therefore, we developed the first
calorie estimation formula in China according to the
kinetics of energy expenditure in 105 burn patients
and healthy volunteers [38], as Adult calorie require-
ment [kJ/d] = 4184 kJ × Body area (m2) + 104.6 kJ ×
TBSA%. To simplify the calculation of body area, we
derive the formula for body area. Body area (m2) = [Body
height (m) − 0.6] × 1.5 [39].
To determine which formula is better, we compared the
Curreri formula and the TMMU formula with the indir-
ect calorimetry method [40]. The result is shown in
Fig. 9. We found that the mean value of the TMMU for-
mula was 20.5% higher than indirect calorimetry, and
the mean value of the Curreri formula is 38.4% higher

than indirect calorimetry. Furthermore, the migrated
position of the TMMU formula is closer to indirect cal-
orimetry than the Curreri formula. However, any calorie
formula could only provide the “estimation” value, and
adjustment is necessary based on the basic condition,
wound healing, the current stage, and other factors.

Enterogenous hypermetabolism Burns could provoke a
significant stress response, and hypermetabolism is a
hallmark of the stress response. Burned wounds and in-
jured organs are the two main sources of hypermetabo-
lism. Based on the series of research, we are the first to
provide evidence that the intestinal tract, as the biggest
endocrine and immune organ, is the main source of
burn hypermetabolism and propose the concept of
“enterogenous hypermetabolism” [41]. Ischemia, the
disorder of energy metabolism, and the inhibition of re-
pair and proliferation in the intestinal tract together lead
to the destroyed structure and function of the intestinal
tract and the organism or endotoxin translocation.
Specifically, the neuroendocrine function and immune
function were simultaneously hurt. These pathological
changes resulted in the activation of the Kupffer cells
and the secretion of inflammatory factors, hormones,
transmits, and cytokines, which contributed to the in-
creased catabolism of muscle and the hypermetabolism
status of the whole body [42].

Early enteral nutrition support To find a better
method of nutrition support, we studied the influence of
different nutritional support on enterogenous hyperme-
tabolism [43, 44]. Our results showed that compared
with the delayed enteral feeding (starting after 72 h) and
early parenteral feeding, the early enteral feeding could
significantly protect the function and structure of the
intestinal tract and alleviate the hypermetabolism.

Fig. 9 The comparison of the TMMU energy formula and Curreri formula with the indirect calorimetry. Adapted from references [12, 38]
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Furthermore, glutamine [45, 46], intestinal trefoil factor
[47–51], arginine acetate [52–54], and glucagon-like
peptide 2 [55] could also exert a protective role in burn
hypermetabolism. We also developed the commercial
glutamine granules (Ankaishu), which have been widely
used in the treatment of burn patients [56, 57].

Organ support therapies
Organ dysfunction is the second leading cause of deaths
in severe burn patients. The most common organs that
were impaired in burn patients were the lungs (56.1%),
heart (26.0%), and kidney (20.2%). Therefore, organ sup-
port therapies are important in the treatment of burns.

Respiratory support Respiratory failure is common in
severe burns, especially in patients with inhalation in-
jury. The respiratory support mainly included fiber-optic
bronchoscopy, tracheotomy, and mechanical ventilation.
The rates of tracheotomy and mechanical ventilation in
severe burn patients (≥70% TBSA) were 52.0 and 28.0%,
respectively, in the 1980s and dramatically increased to
90.3 and 92.3%, respectively, in the 2010s. Fiber-optic
bronchoscopy can be used for the diagnosis and airway
lavage treatment of inhalation injury [58]. The applica-
tion of fiber-optic bronchoscopy in our institute started
in the 1980s, and the utilization ratio in severe burn
patients has risen gradually over the past three de-
cades (Fig. 10).

Continuous renal replacement therapy (CRRT) In-
creased cytokines are not only the bridge between burn
infection and MODS but also the amplifier of burn in-
flammatory responses. CRRT was used in burn patients
as support treatment for acute renal failure in the 1990s
[59]. Our study showed that CRRT could remove plasma
endotoxins and inflammatory cytokines (i.e., TNF-alpha,
IL-1beta, IL-6, and IL-8) and exerted the role of “blood
purification” [60, 61]. Meanwhile, early CRRT had no

obvious effect on the vital signs, fluid input volumes,
urine output, and platelet numbers [62, 63]. Further-
more, CRRT could improve the lung function in the
burn patients with acute respiratory distress syndrome
[64] and decrease the rate of sepsis, MODS, and mortal-
ity [62]. Therefore, CRRT is a safe and effective ap-
proach to prevent and treat burn infection and sepsis,
especially in severe burn patients. In fact, the percentage
of patients undergoing CRRT in severe burn patients
(>70% TBSA) noticeably increased from 4.0% in the
1980s to approximately 18.0% in 1990s, 19.8% in the
2000s, and 55.3% in the 2010s (Fig. 10).

Rehabilitation
Frankly, the Chinese burn centers did not take rehabili-
tation seriously before the 1990s. However, our institute
is the pioneer of implementing early rehabilitation for
burn patients in Mainland China. Since 1995, we have
had rehabilitation specialists for our burn patients, and
since 2011, we have had a special burn rehabilitation
center and team composed of 2 doctors, 12 rehabilita-
tion therapists, and 1 psychological counselor. From
then on, the methods of rehabilitation have gradually be-
come diversified and professional. The provided rehabili-
tation includes not only anti-contracture positioning but
also passive training (i.e., positioning, splinting, and pas-
sive range of motility (ROM) exercises) and mobility
training (i.e., active ROM exercises, transfer training,
and tilt table training) [65]. To raise the doctors’ aware-
ness of rehabilitation and promote the development of
rehabilitation in China, experts in our institute, who are
the key members of the Chinese Burn Association and
the Chinese Association of Burn Surgeons, organized
the guidelines for Chinese burn rehabilitation in 2015
[66]. With the help of this guideline and the large num-
ber of burned patients, the burn rehabilitation center
would eventually develop rapidly in our institute.

Conclusions
IBR is one of the earliest burn centers set up in China.
Since its establishment, the founder, Professor Li Ao, led
his colleagues to be devoted to exploring the treatment
and research of burns. During the past roughly 60 years,
many achievements have been acquired, such as the
Chinese Rule of Nine, Chinese fluid resuscitation for-
mula for major burns, and Chinese protocol of nutrition
support. Moreover, we also composed the protocols of
infection prevention and treatment, rehabilitation, and
pain control for burns, among other protocols during
the past decades. All of the protocols have been widely
applied in main China up to now, which contributes to
the conspicuous treatment effect of burns in China. The
progresses enrich and compose the Chinese modern
burn medicine. Professor Li Ao and his colleagues

Fig. 10 The respiratory and kidney supports among major burn
patients (≥70% TBSA)
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received many honors and academic awards for their
great accomplishment. However, there are still lots of
problems such as lack of a national burn registry system,
poor effect of scar prevention and treatment, and low ef-
ficiency of burn prevention in society, which are waiting
for us and our colleagues to resolve.

Abbreviations
CRRT: Continuous renal replacement therapy; IBR: Institute of Burn Research;
MODS: Multiple organ dysfunction syndrome; MOF: Multiple organ failure;
ROM: Range of motility; SIRS: Systemic inflammatory response syndrome;
TBSA: Total body surface area; TMMU: Third Military Medical University

Acknowledgements
We sincerely thank the doctors and nurses at our center for their
management of burn patients and detailed medical records.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Authors’ contributions
HL, JZ, and GL wrote the review manuscript and applied the reviewers’
comments. YP, JZ, XP, QL, ZY, HY, DP, WH, and FW collected the clinical data and
worked in the structure. GL, YH, JW, and GL participated in the figure preparation
and revised the article. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Received: 21 February 2017 Accepted: 12 May 2017

References
1. Huang Y, Peng Y, Liu X, Luo Q. Clinical analysis of 5378 burned patients. J

Chin Physician. 2003;5:1345–7.
2. Li G, Huang Y, Li A. An analysis of burn cases in last decades. Chin J Plastic

Surg. 1995;11:184–8.
3. Li G. Analysis of 2835 burn cases. Chin J Burns Wounds Surface Ulcers. 2001;

13:252–5.
4. Liu XS, Yan H, Yang XK. Clinical analysis of death causes in 100 burn

patients. J Chin Physician. 2003;5:1468–70.
5. Liu X, Huang Y, Wang J, Yang Z. Relationship between improving burn

wound management and raising cure rate. Acta Academiae Medicinae
Militaris Tertiae. 2002;22:1197–1200.

6. Wang C, Rong Y, Ning F, Du W, Zhang G. Epidemiology of 1974 burn
patients at a major burn center in Beijing: a nine-year study. J Burn Care
Res. 2012;33:e228–33.

7. Xiao H, Xie T, Lin L, Liu S, Wu J, Fang J. Analysis on the causes of burn
among 17,339 patients. Zhonghua Liu Xing Bing Xue Za Zhi. 2000;21:333–4.

8. Wang KA, Sun Y, Wu GS, Wang YR, Xia ZF. Epidemiology and outcome
analysis of hand burns: a 5-year retrospective review of 378 cases in a burn
center in Eastern China. Burns. 2015;41:1550–5.

9. Li A. Therapeutics of burn injury: People Health Publishing House; 1977.
10. Wallace AB. The exposure treatment of burns. Lancet. 1951;257:501–4.
11. Evans EI, Purnell OJ, Robinett PW, Batchelor A, Martin M. Fluid and

electrolyte requirements in severe burns. Ann Surg. 1952;135:804–17.
12. Yang Z. Therapeutics of burn injury. version 3 ed: People Health Publishing

House; 2006.
13. Luo G, Peng Y, Yuan Z, Cheng W, Wu J, Tang J, et al. Fluid resuscitation for

major burn patients with the TMMU protocol. Burns. 2009;35:1118–23.

14. Huang Y, Yan B, Yang Z. Clinical study of a formula for delayed rapid fluid
resuscitation for patients with burn shock. Burns. 2005;31:617–22.

15. An J, Li A, Yang Z. Dynamic changes of platelet aggregation and serum
fibrin degradation products after smoke inhalation injury in rabbits. J Med
Coll PLA. 1987;2:236–40.

16. Li N, Yang ZC, Jiang KY, Chen FM, Wang TY, Lian WK, et al. Effect of
intravenous infusion on development of pulmonary oedema after
inhalation injury. Burns Incl Therm Inj. 1983;9:394–400.

17. Wang C, Li N, Yang Z, Zhu P, Wang D. Establishment of modified chronic
lung lymph fistula in Chongqing goats. J Med Coll PLA. 1986;1:253–8.

18. Li A, Jiang K, Yang Z, Peifang Z, Huang W, Zhou S, et al. Roles of some
mediators in the pathogenesis of early pulmonary edema in steam
respiratory burns. Chin Med J. 1987;100:132–43.

19. Wang CZ, Li A, Zhu PF, Yang ZC, Gao JY, Zeng SQ, et al. Dynamic changes of
lung lymph flow and the release of lysosomal enzyme from the lungs after
severe steam inhalation injury in goats. Burns Incl Therm Inj. 1986;12:415–21.

20. Luo G, Peng Y, Yuan Z, Liu Y, Cheng W, Huang Y, et al. Inhalation injury in
southwest China—the evolution of care. Burns. 2010;36:506–10.

21. Huang Y, Yang Z, Chen F, Crowther RS, Li A. Effects of early eschar excision en
masse at one operation for prevention and treatment of organ dysfunction in
severely burned patients. World J Surg. 1999;23:1272–8. discussion 8.

22. Luo G, Fan H, Sun W, Peng Y, Chen L, Tao J, et al. Blood loss during
extensive escharectomy and auto-grafting in adult male major burn
patients. Burns. 2011;37:790–3.

23. Huang Y, Yang Z. Measures for preventing early postburn damage improve
survival rate of burn patients. Burns. 2004;30:808–12.

24. Zhang ML, Wang CY, Chang ZD, Cao DX, Han X. Grafting. II. Clinical report.
Burns Incl Therm Inj. 1986;12:544–8.

25. Lin H, Peng DZ, Yan Q, Dong ZX, Yue HL, Li F, et al. Study on the optimal
ratio of autoskin and alloskin during mixed microskin grafting. Zhonghua
Shao Shang Za Zhi. 2006;22:11–4.

26. Lin H, Yang Y, Wang Y, Wang L, Zhou X, Liu J, et al. Effect of mixed
transplantation of autologous and allogeneic microskin grafts on wound
healing in a rat model of acute skin defect. PLoS One. 2014;9:e85672.

27. Lin H, Peng DZ, Yan Q, Zhou X, Liu J. The ectopic expression and quantitative
analysis of integrin beta1 during wound healing process after mixed microskin
transplantation. Zhonghua Shao Shang Za Zhi. 2008;24:445–9.

28. Liu SL, Peng YZ, Li XL, Yuan ZQ, Luo GX, Zhang JP, et al. Clinical study on
the repair of extensive deep burn wounds with autogenous fat granules
and autologous microskin grafts in mixed grafting. Zhonghua Shao Shang
Za Zhi. 2008;24:122–5.

29. Luo G, Wu J, Chen X, He W, Yi S, Xie Z, et al. CTLA4Ig introduced by
adenovirus vector locally to prolong the survival of xenogeneic skin grafts
on rat burn wounds. J Trauma. 2005;59:1209–15.

30. Peng Y, Chen J, Yuan Z, Li X, Luo G, Wu J, et al. Diagnostic criteria and
treatment protocol for post-burn sepsis. Crit Care. 2013;17:406.

31. Peng YZ, Yuan ZQ. Standardized definitions and diagnostic criteria for
infection in burn patients. Zhonghua Shao Shang Za Zhi. 2007;23:404–5.

32. Luo G, Tan J, Peng Y, Wu J, Huang Y, Peng D, et al. Guideline for diagnosis,
prophylaxis and treatment of invasive fungal infection post burn injury in
China 2013. Burns & Trauma. 2014;2:45–52.

33. Xiao G, Wang D. Looking at subinfection from the Pseudomonas
aeruginosa infection of burn patients. National surgery conferrence 8th,
1963, Beijing. 90–97.

34. Ma L, Li A, Edwin A. An experimental study of the bacterial translocation from
gut. Acta Academiae Medicinae Militaris Tertiae. 1990;12:1–70.

35. Peng Y, Xiao G, Wang D, Zhang Y, Qin X. Role of lipid peroxidation in bacterial
translocation from the small intestine after thermal injury in rats. J Med Coll PLA.
1990;5:271–7.

36. Ma L, Li A, Xiao G, Deitch EA. The role of protein malnutrition in bacterial
translocation from gut. J Med Coll PLA. 1990;5:316–32.

37. Curreri PW. Assessing nutritional needs for the burned patient. J Trauma.
1990;30:S20–3.

38. Xie W, Li A, Wang S. Estimation of the calorie requirements of burned
Chinese adults. Burns. 1993;19:146–9.

39. Xie W, Li A, Wang S. A simplified formula for calculating adult body surface
area. Acta Academiae Medicinae Militaris Tertiae. 1992;14:171.

40. Wang S, Li A, Weiguang X, You Z, Xu B. How to estimate the calorie
requirements of burned patients: origin of the Third Military Medical
University formula for assessing calorie needs of burned adults. Parenter
Enter Nutr. 1995;2:221–3.

Li et al. Burns & Trauma  (2017) 5:16 Page 10 of 11



41. Wang S, Li A, You Z, Shao H, Yu B, Zhu Y, et al. Experimental studies in
enterogenous hypermetabolism and early enteral feeding: gut derived
hypermetabolism in burns. Parenter Enter Nutr. 1996;3:1–6.

42. Wang S, Li A. Gut derived hypermetabolism in burns. Chin J Burns. 2001;17:200–1.
43. Wang S, Li A, You Z, Shao H, Yu B, Zhu Y, et al. Experimental studies in

enterogenous hypermetabolism and early enteral feeding: gut derived
hypermetabolism in burns. Chin J Gen Surg. 1996;11(4):215–9.

44. Wang S. Progress of burn research in metabolism and nutrition in China.
Chin J Burns. 2008;24:396–9.

45. Peng X, Wang S, You Z, Wang P. Effect of enteral nutrition supplemented
with glutamine on enterogenous hypermetabolism after severe burn injury.
J Surg Concenpts Pract. 2004;9:387–92.

46. Peng X, Yan H, You Z, Wang P, Wang S. Effects of enteral supplementation
with glutamine granules on intestinal mucosal barrier function in severe
burned patients. Burns. 2004;30:135–9.

47. Wu X, Wang H, Wu W, Zhang Y, Wan Q, Jin X, et al. Experimental study of
recombinant human intestinal trefoil factor on alleviating enterogenous
hypermetabolism after burn injury. Chongqing Medicine. 2012;41:1465–70.

48. Sun Y, Wu W, Wang L, Liang G, Zhang Y, Lv S, et al. Overexpression of
hTFF2 in the pET system and its in vitro pharmacological characterization.
Biomed Pharmacother. 2010;64:343–7.

49. Sun Y, Wu W, Zhang Y, Lv S, Wang L, Wang S, et al. Stability analysis of
recombinant human TFF2 and its therapeutic effect on burn-induced
gastric injury in mice. Burns. 2009;35:869–74.

50. Sun Y, Wu W, Zhang Y, Lv S, Wang S, Peng X. Intestinal trefoil factor
produced in Escherichia coli promotes the healing of rat burn-induced
acute gastric mucosal lesions. J Trauma. 2008;65:163–9.

51. Sun Y, Peng X, Zhang Y, Lv S, Wu W, Wang S. Stability and biological
activity of human intestinal trefoil factor produced by Pichia pastoris.
Protein Pept Lett. 2008;15:255–9.

52. Yan H, Peng X, Huang Y, Zhao M, Li F, Wang P. Effects of early enteral arginine
supplementation on resuscitation of severe burn patients. Burns. 2007;33:179–84.

53. Yan H, Peng X, Wang P, Huang YS, Wang SL. Influence of the enteral
feeding of levorotatory arginine on severely burned patients during shock
stage. Zhonghua Shao Shang Za Zhi. 2005;21:251–4.

54. Peng X, You ZY, Yan H, Wang P, Zhou X, Liu J, et al. Comparative study on
the influence of arginine hydrochloride and arginine acetate on the
immune function and acid-base balance in rabbits with severe burns.
Zhonghua Shao Shang Za Zhi. 2005;21:262–5.

55. Zhao Y, Wang FJ, Wang P, You ZY, Peng X, Wang SL. Influence of glucagon-
like peptide-2 on the proliferation of the intestinal mucosal cells in scalded
rats. Zhonghua Shao Shang Za Zhi. 2003;19:209–12.

56. Peng X, Yan H, You Z, Wang P, Wang S. Glutamine granule-supplemented
enteral nutrition maintains immunological function in severely burned
patients. Burns. 2006;32:589–93.

57. Peng X, Yan H, You Z, Wang P, Wang S. Clinical and protein metabolic
efficacy of glutamine granules-supplemented enteral nutrition in severely
burned patients. Burns. 2005;31:342–6.

58. Moylan JA, Adib K, Birnbaum M. Fiberoptic bronchoscopy following thermal
injury. Surg Gynecol Obstet. 1975;140:541–3.

59. Tremblay R, Ethier J, Querin S, Beroniade V, Falardeau P, Leblanc M. Veno-
venous continuous renal replacement therapy for burned patients with
acute renal failure. Burns. 2000;26:638–43.

60. Peng Y, Yuan Z, Li H. Removal of inflammatory cytokines and endotoxin by
veno-venous continuous renal replacement therapy for burned patients
with sepsis. Burns. 2005;31:623–8.

61. Li HB, Peng YZ. The influence of continuous renal replacement therapy on
the plasma levels of endotoxin and cytokines in severely burned patients
with sepsis. Zhonghua Shao Shang Za Zhi. 2003;19:67–70.

62. Cao J, Liu J, Xu R, Zhu X, Liu L, Zhao X. MicroRNA-21 stimulates epithelial-
to-mesenchymal transition and tumorigenesis in clear cell renal cells. Mol
Med Rep. 2016;13:75–82.

63. Hu G, Peng Y, Wang F, Zhu M, Gong Y. Effects of blood purification in the
treatment of patients with burn sepsis. Zhonghua shao shang za zhi. 2014;30:213–8.

64. Luo QZ, Song HP, Li YG, Chen J, Li HB, Lan Y, et al. Clinical observation of
16 burnt patients with ARDS treated with continuous renal replacement
therapy. Acta Academiae Medicinae Militaris Tertiae. 2005;27(13):1407–9.

65. Deng H, Chen J, Li F, Li-Tsang CW, Liu Q, Ma X, et al. Effects of mobility training on
severe burn patients in the BICU: a retrospective cohort study. Burns. 2016;42:1404–12.

66. Cen Y, Chai J, Chen H, Chen J, Guo G, Han C, et al. Guidelines for burn
rehabilitation in China. Burns & Trauma. 2015;3:20.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. Burns & Trauma  (2017) 5:16 Page 11 of 11


	Abstract
	Background
	Review
	Epidemiology and outcomes
	Burn area
	Etiology
	Cure rates
	Mortalities

	Main achievements of basic and clinical research
	Creating the Chinese Rule of Nine to estimate the burn area
	Forming the Chinese protocol of fluid resuscitation for major burns
	Framing the strategies of diagnosis and treatment of inhalation injury
	Forming the Chinese methods to heal burn wounds
	Prevention and treatment of burn infections
	Nutrition therapy for severe burns
	Organ support therapies
	Rehabilitation


	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

