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Objective: The rising of individualized therapy requires nutritional risk screening has become a major topic
for each particular disease, yet most of the screenings were for malignancies, less for benign diseases. There
is no report on the screening of patients with benign liver tumors postoperatively. We aim to evaluate the
nutritional support strategies post operation for benign liver tumors through nutritional risk screening.
Methods: In this prospective, randomized, controlled study, 95 patients who underwent hepatectomy
for benign tumors were divided into two groups. Fifty patients in the control group were given routine
permissive underfeeding nutritional supply (75 kJ/kg/d), and 45 patients in the experimental group were
given lower energy (42 kJ/kg/d) in accordance of their surgical trauma. Routine blood tests, liver/kidney
function were monitored before surgery and at the day 1, 3, 5, 9 after surgery, patients were observed for
the time of flatus, complications, length of hospitalization (LOH), nutrition-related costs, and other clinical
parameters. This completed study is registered with Clinicaltrials.gov, number NCT01292330.

Results: The nutrition-related expenses (494.0+181.0 vs. 1,514.4+348.4 RMB, P<0.05) and the total hospital
costs (18,495.2+4735.0 vs. 21,432.7+8,291.2 RMB, P<0.05) for patients in the experimental group were
significantly lower than those in the control group. Meanwhile, the lowered energy supply after the surgeries
did not have adverse effects on clinical parameters, complications, and LOH.

Conclusions: Patient with benign liver tumors can adopt an even lower postoperative nutritional supply
that close to that for mild non-surgical conditions, and lower than the postoperative permissive underfeeding

standard.
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Introduction randomized studies showed that for the patients suffering
from cancer who had obvious nutritional risk (NRS 2002
greater than 3 points), it is beneficial to the patients in
postoperative recovery and clinical outcomes if they were
assessment before surgery as guidance for the preoperative provided preoperative nutritional support 3-4 days before
nutritional support program. The previous prospective, surgery (1). However, these studies did not distinguish

It has become an increasing popular practice in clinical
nutrition that patients were given nutritional risk
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individual disease; it is difficult to draw conclusion for
individual treatment from these studies. These studies had
made advance in the field of surgical clinical nutrition,
but the results are not without controversy. More studies
are needed to obtain more evidence to guide the nutrition
support strategy.

Previous studies regarding the nutritional risk assessment
on surgical patients were focused on patients with severe
disease or cancer. There are very few reports about the
preoperative nutritional status evaluation or postoperative
nutritional support strategy for patients suffered from
benign disease with probably no nutritional risk (2-4). It
is not clear that whether the nutritional risk assessment or
previously proposed “permissive underfeeding” theory is
still applicable in directing the postoperative nutritional
fluid composition for patients without nutritional risk. The
strategy of postoperative energy support for these patients
remains vague (5).

The improvement in liver transplantation along with
the adoption of precise liver resection technique has
greatly improved the safety of the liver resection surgery
in recent years. The surgical trauma for multi-lobe liver
resection becomes less serious; there is less blood loss and
fewer surgical complications (6). In parallel with these
improvements, it is necessary to evaluate the preoperative
nutritional risk assessment and the postoperative nutrition
support strategy for the patients suffered from benign
liver tumor. In this study, we performed nutritional risk
assessment for patients of benign tumor before surgery,
and randomly divided the patients into two groups for
different postoperative nutritional supports. We recorded
and compared various postoperative clinical parameters
and clinical outcome, and found that for patients with
benign liver tumor, it is economically beneficial without
compromising the clinical outcome that they receive lower
total energy in the postoperative nutrition support.

Materials and methods
Subjects

We recruited a total of 95 patients who underwent liver
resection for benign tumor during the time period of March
2010 to April 2011 in the Peking Union Medical College
Hospital. The study protocol with human subjects was
approved by the Ethical Committee of PUMCH and then
designed (ClinicalTrials.gov Identifier: NCT01292330)
with a research process shown in Figure 1.

Composition of NRS (2002) nutrition risk screening
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score: (I) damage of nutritional status, including: BMI, recent
changes in body weight and food intake (0 to 3 points);
(II) disease severity (0 to 3 points): hip fractures, acute or
chronic disease complications, COPD, hemodialysis, liver
cirrhosis, usually cancer patients (will be assigned as 1), major
abdominal surgery, stroke, severe pneumonia, blood cancer (2
points), traumatic brain injury, bone marrow transplant, ICU
patients with APACHE score >10 points (3 points); (III) age
(270 years of age, 1 point) (7).

SIRS score: SIRS diagnosis was given when any two of
the following symptoms exist: (I) body temperature is higher
than 38 °C or lower than 36 °C; (II) pulse is greater than
90 beats/min; (III) breathing rate is greater than 20 /min or
PaCO, is lower than 32 mmHg; (IV) WBC count is greater
than 12x10° /L, or fewer than 4x10° /L, or immature red
blood cells consists more than 10% of total red blood cells.
Each exist symptom is given a score of 1, and the severity of
SIRS range from 0-4.

APACHE-II is consisted of APS, age, and CPS.

Survey methodology

The enrolled surgical patients were randomly divided
into two groups: the experimental group (45 patients
total, where 39 hepatic hemangioma, 2 FNH, 1 hepatic
adenoma, 1 cystadenoma, 1 abnormal nodules and 1 liver
cyst) and the control group (50 patients total, where 46
hepatic hemangioma, 2 FNH and 2 angiomyolipoma).
Patients in the experimental group were given glucose,
electrolyte supplement; patients with heavier weight,
diabetes, or greater surgical trauma (such as semi-
hepatectomy) were given additional lipid emulsion,
the total energy uptake is 42 kJ/kg/d. Patients in the
control group were given standard parenteral nutrition
supplement in which 30-40% of the total energy uptake
of 75 kJ/kg/d consists of the energy from fat. There is
no difference in the total volume of iv fluid, additional
electrolyte, vitamins, or mineral supplement between the
two groups. The volume of /v fluid was gradually reduced
at same rate for both groups 3-5 days after surgery when
patients started eating.

Clinical observations: blood draw was performed from
each patient on the day before and day 1, 3, 5, and 9 after
surgery for the following tests including routine blood tests,
liver and kidney function, blood coagulation, hemoglobin,
alanine aminotransferase, albumin, direct bilirubin, indirect
bilirubin, fasting blood glucose level, and prothrombin time.
Patients were also observed for time of flatus, infections
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117. patients with liver benign tumor:

()  With liver benign tumor and not for surgery
(I)  NRS-2002 score <3 within 24 h of admission
(III)  Liver function Child-Pugh A class

(IV)  Without serious heart cerebrovascular disease,

chronic kidney disease and diabetes mellitus

A

4

15.  (12.8%) patients were excluded

(I)  Difficulties during the resection, over
bleeding intra-operatively, transferred to
ICU 6 cases

»| (I)  Re-surgery for stopping the bleeding on

the same operation day 1 case

(III)  Re-do endotracheal intubation after
anesthesia before insufficient breathing,
to ICU 1 case

(IV) 7 patients refused join in the study

102 patients underwent random assignment

y \ 4
The experimental group The control group (n=53)
(n=49)
D Post-op drainage for (I)  Post-op drainage for
bile leakage 1 case ’ bile leakage 1 case
(II)  Dropped out during g (II)  Allergy for Fat
process 3 cases emulsion 2 cases
A 4 A 4

The experimental group
(n=45)

The control group (n=50)

Figure 1 Grouping and excluding process for study subjects

after surgery, including respiratory, urinary tract, wound,
intra-peritoneal, and intravenous catheter infection. Record
of wound dehiscence or difficult of healing were taken.
The length of hospitalization, total inpatient expenses and
nutrition-related expense were also recorded.

The length of hospitalization for each patient is defined
as the day before surgery to the day for suture removal. For
patient leaving the hospital before stitch removal, the day
of discharge is considered the end of hospital stay. If the
patient suffers from infection or complications after stitch
removal, the length of stay in the hospital for treatment
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is counted as part of total hospital stay. Nutrition-related
cost is defined as the total cost minus the cost of the
surgery, cost of special medication, and any cost that is not
related to parenteral nutrition related costs. The cost for
complication treatment will be included in the total cost.
This completed study is registered with Clinicaltrials.gov,
number NCT01292330.

The statistical analysis

Data were shown as mean + standard deviation. Student’s
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Table 1 Patients character

Experimental Control
Groups P value
group (n=45) group (n=50)
Age 44.1+9.1 44.6+9.7 0.82
M/F 1:3.5 1:4.5
BMI 24.0+3.4 22.8+3.2 0.07
Tumor size (cm) 8.7+3.8 10.5+£5.0 0.062

t test or chi-square test was used for group comparison.
Liner regression for repeated measure analysis of variance
used to compare variables before and after surgery
between the two different trends (including WBC, HGB,
ALT, ALB, TBIL, DBil, GLU, PT). It was considered
statistically significant when P<0.05. SPSS12.0 was used in
statistical computing.

Results
General conditions

Both groups of patients suffered from benign liver tumors. The
average ages of patients in the experimental group and control
group are similar (44.2+9.1 vs. 44.6+9.7 years), and there
are no significant differences between the groups in male/
female ratio (1/3.5 vs. 1/4.5), patient average BMI (24.1£3.5
vs. 22.9+3.3), or average tumor size (8.8+3.8 vs. 10.6+5.0 cm)
(Table 1). There are no statistical differences in the
following clinical parameters between the groups before
surgery, including: WBC, HGB, ALT, ALB, TBil, DBil,
fasting blood glucose, and PT. There was no intolerance
or adverse reaction among patients in the course of this
study; no medications or treatments that would potentially
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influence the results were involved. All patients were able
to complete the clinical studies successfully.

Changes of vital signs

Patients from both groups experienced an increase of their
daily high temperature and pulse after surgery before they
return to normal levels. The recovery of patients in the
experiment group is faster than the patients in control
group. The difference of average pulse between the two
groups (82.0x12.5 vs. 87.2+9.9 beats/min, P<0.05) on the
first day after surgery is statistically significant. So is the
difference in the average daily temperature between the
groups temperature (37.5+0.3 vs. 37.820.5 °C, P<0.05) on
the third day after surgery (7able 2).

The WBC count and bemoglobin level

Hemoglobin levels for patients in both groups declined
during the first 5 days after surgery, and subsequently started
to recover from day 5. There is no significant difference in
the changes of hemoglobin levels between the two groups.
The WBC count for patients in both groups increased
significantly after surgery, while the counts are highest in the
first day after surgery, and then gradually reduced to normal.
There is no significant difference in the changes of WBC
count between the two groups either (Table 3).

Changes in liver and kidney function

Patients in both groups experienced some decrease in albumin
levels in the first 5 days after surgery, which started to rebound
in day 5. The serum ALT levels for patients in both groups

Table 2 Changes of temperature and heart rate of experimental group and control group before and after surgery

Groups Experimental group (n=45) Control group (n=5) P value

Temperature (°C) Pre-operation 36.4+0.2 36.5+0.3 0.23
POD1 37.5+0.5 37.7+0.6 0.19
POD3 37.5+0.3 37.8+0.5 0.004
POD5 37.2+0.4 37.3+0.4 0.50
POD9 36.7+0.4 36.7+0.4 0.68

Heart rate (beats/min) Pre-operation 77.2+7.3 76.0+6.8 0.40
POD1 82.0+12.5 87.1+9.9 0.03
POD3 86.9+10.5 90.2+9.9 0.14
POD5 82.0+9.4 84.0+8.7 0.30
POD9 80.5+7.4 80.0+6.9 0.79
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Table 3 Changes of HGB and WB of experimental group and control group before and after surgery

Groups Experimental group (n=50) Control group (n=45) P value
HGB (g/L) Pre-operation 134.7+17.3 129.2+16.9 0.12
POD1 125.0+15.3 120.0+17.8 0.15
POD3 116.6+14.1 110.5+£17.5 0.086
POD5 116.2+14.0 111.8+16.4 0.19
POD9 122.3+15.5 114.6+£12.7 0.11
WBC (x10%L) Pre-operation 5.7+1.3 5.1+1.4 0.33
POD1 13.5+£3.4 13.5+3.4 0.95
POD3 11.4+£3.2 10.6+2.9 0.24
POD5 7.2+2.1 7.2+2.5 0.98
POD9 6.4+1.6 6.9+1.7 0.34
Table 4 Changes of liver function of experimental group and control group before and after surgery
Groups Experimental group (n=50) Control group (n=45) P value
ALT (U/L) Pre-operation 18.2+17.0 21.8+29.5 0.46
POD1 418.4+442 1 332.0+301.4 0.27
POD3 271.5+253.5 230.6+196.5 0.43
POD5 140.5+£131.8 102.2+£57.4 0.10
POD9 85.4+58.5 55.5+25.4 0.06
TBil (umol/L) Pre-operation 17.0+27.6 13.6+5.0 0.40
POD1 16.8+7.8 16.0+5.1 0.56
POD3 24.1+27.3 15.6+£5.5 0.07
POD5 15.9+6.6 16.1+6.0 0.90
POD9 9.7+2.8 14.6+6.0 0.02
ALB (g/L) Pre-operation 42.9+3.2 43.3+2.9 0.59
POD1 32.7+3.0 32.6+3.0 0.84
POD3 32.6+3.3 32.9+4 1 0.73
POD5 33.3+3.4 34.5+5.3 0.27
POD9 35.9+2.6 35.6+4.5 0.83
Glu (mmol/L) Pre-operation 4.8+0.7 4.7+0.4 0.71
POD1 7.5+£3.9 7.2+1.9 0.68
POD3 6.3+1.8 5.9+0.7 0.22
POD5 5.3+0.7 5.4+0.7 0.62
POD9 5.0+0.6 5.0+0.3 1.00

were elevated substantially in the first 3 days after surgery.
However, the differences in the changes of albumin or serum
ALT levels between the two groups were not statistically
significant. There is significant difference on the total bilirubin
levels at day 9 after surgery between the two groups (9.7+2.8
vs. 14.66.1 pmol/L, P<0.05). Both groups of patients had
normal postoperative renal function. They all had increased
fasting blood glucose levels on the first day after surgery, which
retreated gradually to normal afterwards (7able 4).
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Post-operative inflaimmatory reactions

Experimental group and control group after the first day of
two groups of APACHE II score (4.78 vs. 4.95, P>0.05).

Complications

There were 2 cases of wound lipid liquefaction and 1 case
of bile leakage in the experimental group, and no infectious
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complications. There were 2 cases of wound lipid liquefaction
and 1 case of pulmonary infection in the control group.
Patients with complications were successfully treated with
frequent change of dressing or anti-biotic regiments. None of
the patients in either group had developed intra-abdominal,
intravenous catheter infections and urinary tract infections.

The flatus time, the length of bospital stay and treatment
related costs

The average flatus time (3.6=0.8 vs. 3.60.8 days) and the
average length of hospital stay (9.7+1.7 vs. 10.0£2.2 days)
for patients in the experimental group and the control
group were similar, there were no statistically differences.
The average nutrition-related cost for patients in the
experimental group is significantly lower than that for
the patients in the experimental group (494.0+181.0 vs.
1,514.4+348.4 RMB, P<0.05). So is the total cost for treatment
(18,495.2+4,735.0 vs. 21,432.7+8,291.2 RMB, P<0.05).

Discussion

In 2002, the European Society of Parenteral and Enteral
Nutrition published a guideline for nutrition screening of
hospitalized patients known as the NRS method, which
is established based on the available evidences for the
relationships between 128 sets of nutritional support and
clinical outcomes (7). NRS 2002 has not only included the
nutritional indicators from several nutrition screening tools,
but also considered engaging the increased metabolism and
nutritional requirements from the diseases into a scoring
system that reflecting the severity of the diseases (8). NRS
assess the nutritional status through BMI, recent weight
change, food uptake and severity of disease; it processes a
linear correlation with the traditional nutrition assessment
method. The biggest advantage of NRS is its simplicity,
that it can be determined through inquiry and simple
tests. There is good communications between doctor and
patient, and it is well accepted by most of the patients.
Systematic analysis of the 128 random controlled trials on
the nutritional support and clinical outcomes by Kondrup
et al. shows that for patients who were considered having
nutritional risk by NRS 2002 assessment, most studies
showed that nutritional support effectively improved
clinical outcomes, such as: reducing the complications
and shorten the length of stay; while for patients who
were considered having no nutritional risk, most studies
showed that nutritional support was not effective (9). Chen
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Wei, Jiang Zhu ez al. reported in their studies of the risk
of malnutrition using NRS that 33.8% of patients had
malnutrition risk and needed nutritional support. This
number is comparable to the 31% that was reported in the
United States by similar studies, suggesting that NRS 2002
can be used in China (10). Later, several clinical researches
on NRS 2002 also showed that NRS 2002 could be
widely used on hospitalized patients, and that it had better
sensitivity and specificity than some other screening tools.
These results further confirmed the relationship between
the NRS2002 nutritional risk assessment and the clinical
outcomes (11,12).

The purpose of perioperative nutritional support
is to maintain the functions of the organs, tissues, and
immune system, to promote the repair of the damaged
organ or tissue, and to accelerate the rehabilitation of
the patients. It generally plays a positive and significant
role. However, inappropriate nutritional support will
not benefit but harm the patients (13,14). Therefore,
more researches are needed to determine the appropriate
time, methods, and the nutritional formulations for the
perioperative nutritional support to improve the clinical
outcomes (15-17).

For most surgical patients who do not possess nutritional
risk through nutritional screening and assessment, a safe,
reasonable treatment program should be established which
consists of simple glucose electrolyte fluid regime. It is not
necessary to maintain a nutritional support that is wasteful
and can also be potentially risky (18). Long and Chen et a/.
recommended that ESPEN NRS 2002 method of nutrition
risk screening could be applied multiple times during the
hospital stay in conjunction with the consideration of the
severity of the surgical trauma, operation time, and the
postoperative conditions. For patients with no nutritional
risk (NRS points <3), there is no need for additional
nutritional support, and glucose electrolyte infusion should
be sufficient (19). It is still debatable whether water (sodium)
should be supplemented or limited during operation. There
is still a lack of guidance for the perioperative infusion of
glucose and electrolytes, or enough evidence for nutritional
support. However, it is agreed that it’s important to the
fluid supplement is needed to avoid early postoperative
hypovolemia (14,15).

There are not many researches focusing on developing
perioperative nutrional support based on preoperative
nutritional risk assessment in benign tumor patients with
low nutritional risk. Even fewer studies were on the impact
of nutritional risk assessment on the clinical outcomes

Hepatobiliary Surg Nutr 2013;2(1):14-21
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in a single disease. Thus, evidence-based prospective,
randomized, controlled clinical study can be of great
importance for the clinical practice (20,21). In the present
study, we summarized the observations of 95 cases of benign
liver tumors. We designed the total energy uptake in our
experimental group, which is 42 kJ/kg/d, based on 60% of
the total energy intake for the permissive underfeeding.
Our results showed that, although the energy intake for
the experimental group was significantly lower than that
of the control group, there is no significant differences
on hemoglobin and WBC count on day 1, 3, and 5 after
surgery. The low-calorie supplement did not change the
hemoglobin and white blood cells reactions after surgery;
it did not affect the serum ALT levels or changes in
albumin and blood sugar during recovery. The patients
in the experimental group recovered faster than those in
the control group in terms of body temperature, pulse and
total bilirubin levels. There are no differences between the
two groups in the flatus time or length of hospitalization,
however, the nutrition-related costs and the total cost of
hospitalization for the experimental-group patients was
significantly lower than those of the control group. We
believe that in the situation that both groups had similar
surgical trauma and postoperative recovery, patients in
the control group consumed more calories, resulting in
increased medical costs.

Our results suggested that in the era of precise liver
resection, patient who underwent hepatic resection of liver
segment for benign liver tumors, could adopt nutritional
support program that provided lower energy than the limit
of the permissive underfeeding program, if the patient’s
preoperative NRS score less than 3 points. This lower
energy support program resembles more to the scale for
the short-term, mild, systemic inflammatory response
syndrome (SIRS) patients. Further study is needed for the
mechanism of the lower energy support. However, the
following point of view is receiving increasing attention
in the academic field, that is, when severe systematic
inflammatory response is not a risk, the patient’s natural
metabolism should be left undisrupted by the energy
supplement to be the main source in providing the energy
needed for recovery.

Conclusions

Patient with benign liver tumors can adopt an even lower
postoperative nutritional supply that close to that for mild
non-surgical conditions, and lower than the postoperative
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permissive underfeeding standard.
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