ONCOLOGY LETTERS 19: 3964-3970, 2020

Analysis of post-operative efficacy and pharyngeal fistula
healing in patients with laryngeal cancer treated
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Abstract. The present study aimed to analyze the effects of
post-operative enteral nutrition support nursing combined
with early oral feeding on post-operative efficacy and
pharyngeal fistula (PF) healing in patients with laryngeal
cancer (LC). A retrospective analysis of 133 patients with
LC, who underwent laryngectomy between May 2014 and
September 2016, was conducted. Of these patients, 61 patients
(control group) were treated with enteral nutrition support
nursing combined with nasogastric feeding, and 72 patients
(observation group) were treated with enteral nutrition support
nursing combined with early oral feeding. Levels of serum
albumin (ALB), pre-albumin (PA), hemoglobin (Hb) and the
lymphocyte count (LYM) were compared before and after
surgery (7 and 14th post-operative days). The post-operative
weight, upper arm muscle circumference (UAMC), triceps
skinfold (TSF), post-operative infection, adverse reactions and
PF healing were also measured. No differences were observed
between the control and observation groups before surgery (all
P>0.05). ALB, Hb, PA and LYM were significantly decreased
in the control group on the 7 and 14th days post-operatively
compared with those in the observation group (all P<0.05).
Five patients in the control group presented with PF during
treatment, and seven patients in the observation group suffered
from PF after surgery. No difference in the average healing
time of PF, number of patients with post-operative infection
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and adverse reactions were observed between the two groups
(all P>0.05). The weight and UAMC in the observation group,
14 days post-operatively, were significantly higher than those
before surgery in the same patients and in the control group
(all P<0.05), whereas no difference in TSF (P>0.05) was
observed. No differences in weight, UAMC and TSF were
revealed in the control group before surgery and on the 14th
day post-operatively (all P>0.05). Thus, post-operative enteral
nutrition support nursing combined with early oral feeding
resulted in significant improvement in the post-operative
efficacy of patients with LC and had no effect on PF healing.

Introduction

As a common malignant tumor in the head and neck, laryn-
geal cancer (LC) is more common in males over the age of 40
and has a higher incidence rate in Asia compared with other
regions (1). The incidence of LC accounts for 1% of malignant
tumors in the whole body and >5% of head and neck cancer
cases. Despite its low incidence, LC is a threat to patient
quality of life if not treated in a timely manner (2). Current
treatment methods include surgery, radiotherapy, chemo-
therapy and immunotherapy (3,4). In clinical practice, patients
with LC are often treated with a combination of different
methods; however, surgical excision remains the main clinical
method for treating LC (5). Advancements in laryngectomy
procedures have improved the initial survival rate of patients
with LC, and preserve laryngeal function, which has an impact
on quality of life (6).

Pharyngeal fistula (PF), one of the complications that occurs
after laryngectomy, refers to the formation of an abscess cavity
after surgical resection. PF originates from the saliva or pus,
stored under the subcutaneous or incision tissue that connects
the hypopharynx, esophagus and skin to the sinus tract, through
which saliva or food flows out (7). PF does not only prolong
the treatment time of patients, but also impacts the financial
burden of their family (8). Due to the influence of laryngec-
tomy on deglutition, patients cannot eat within a short period of
time post-surgery, which leads to slow recovery, malnutrition
and post-operative infection (9). Enteral nutrition support is
provided to patients using a nasogastric feeding tube (NFT),



LIN et al: EFFECTS OF POST-OPERATIVE ENTERAL NUTRITION WITH ORAL FEEDING ON PATIENTS WITH LC

the main method of nutrition support after laryngectomy, which
has a beneficial effect on post-operative recovery; however,
patients using NFT long-term are prone to malnutrition, which
hinders the growth of granulation tissue (10).

A previous study demonstrated that early oral feeding
provides nutritional support for patients with LC. Furthermore,
the coordination between the muscle groups of the oral floor
and neck during oral feeding is a form of exercise, which
promotes the blood circulation and wound healing. Moreover,
the secretion of saliva and washing of the food passage during
feeding cleans the inner wall of the fistula and promotes the
maintenance of normal bacterial flora in the oral and pharyn-
geal cavity. This allows the normal bacterial flora to inhibit
the growth of pathogenic bacteria in the fistula and decreases
inflammation (11). However, the time to commence oral feeding
and whether it has an impact on PF treatment is unknown.

In the present study, the effect of post-operative enteral
nutrition support nursing combined with early oral feeding
(following a laryngectomy) on the post-operative efficacy and
PF healing of patients with LC was analyzed.

Materials and methods

Patients. The clinical data of 133 patients with LC who
underwent a laryngectomy in The Third Affiliated Hospital,
Sun Yat-Sen University, between May 2014 and September
2016, were retrospectively analyzed. All patients were
diagnosed with LC, based on the pathology of biopsies, and
tumor-node-metastasis (TNM) staging was performed on
patients in accordance with The American Joint Committee
on Cancer criteria (12). Patients (n=133) were divided into two
groups: Control and observation groups. The control group
included 61 patients (39 males and 22 females; mean age,
55.84+8.64 years; age range, 45-68 years). The observation
group included 72 patients (49 males and 23 females; mean
age, 56.25+9.35 years; age range, 42-69 years). The present
study was approved by the Medical Ethics Committee of the
Third Affiliated Hospital, Sun Yat-Sen University, and written
informed consent was obtained from the participants.

Inclusion and exclusion criteria. The inclusion criteria were as
follows: (i) Patients >18 years; (ii) patients who had not received
preoperative radiotherapy and chemotherapy; and (iii) patients
who complied with the treatment administered. The exclusion
criteria were as follows: Patients with (i) a family history
of genetic diseases; (ii) close relatives with history of LC;
(iii) autism, memory disorders, hearing disorders and physical
disabilities; and (iv) recurrence and metastasis post-surgery.

Feeding. Patients in the control and observation groups were
observed for a total of 14 days. Patients in the control group
were fed through a NFT for 14 days. In the observation group,
the NFT was removed on the 7th day of nasogastric feeding,
and oral feeding was initiated if no PF appeared within 7 days.
Patients in the observation group were also trained to perform
dry swallowing (swallowing without saliva) six times a day for
10-15 min each time, depending on their condition. In the early
stage of feeding, patients in the observation group were mainly
fed soft food, and gradually transitioned to normal food (from
small and soft food to large and hard food), under the guidance
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and training of nursing staff. Mouthwash (0.9% sodium chlo-
ride solution; Hunan Jinjian Pharmaceutical Co., Ltd.) was
used to wash after feeding. Patients in both groups received
routine cefuroxime infusions (1.5 g/8 h; Sinopharm Zhijun
Pharmaceutical Co., Ltd.,), for prophylactic anti-infective
treatment, as well as compound electrolytes and nutrient solu-
tion (intravenous drip (ivgtt), each 1,000 ml contains 5.26 g
sodium chloride, 5.02 g sodium gluconate, 3.68 g sodium
acetate, 0.37 g potassium chloride and 0.30 g magnesium
chloride; China Sichuan Kelun Pharmaceutical Co., Ltd.).

Nursing. Patients in the control and observation groups received
nursing care as follows. Routine nursing consisted of nurses:
i) Visiting the patients every hour to observe their condition;
ii) monitoring the vital signs of the patients, depending on their
condition; and iii) cleaning the wound as appropriate and main-
taining its sterility. Nutrition support nursing consisted of the
following: i) Strictly controlling the rate of nutrient infusion to
25 ml/h in the first 6 h on the st post-operative day to avoid the
occurrence of gastric retention; ii) observing the clinical manifes-
tations in patients and increasing the infusion rate to 30-60 ml/h
if the patient appeared comfortable; iii) adjusting the patients to
a semi-reclining position to avoid regurgitation of nutrients and
maintaining the gastric tube fixed and unobstructed; iv) main-
taining the temperature of the nutrient solution between 38-40°C
using a heater; and v) rinsing the nasogastric tube with warm
water after infusion and once every 4 h during infusion.

PF processing. In case of PF formation, the necrotic tissues
were cleaned and drained immediately. The airway-associated
care was strengthened, by maintaining the ventilation of the
patient and using auxiliary equipment, when breathing was
difficult. The wound was cleaned using saline (0.9% sodium
chloride solution; Hunan Jinjian Pharmaceutical Co., Ltd.)
and hydrogen peroxide (3%). An in-house antibiotic gauze
(applying 400 mg of different antibiotic ointment evenly on the
sterile gauze block with sterile scraper to cover the PF position)
was used to fill the wound with pressure dressing, depending on
the susceptibility of the patient to infection indicated by their
test results of drug sensitivity. Patients who did not respond to
medication were additionally treated with surgery.

Detectionmethod.Serum albumin (ALB) and pre-albumin (PA)
were detected with a Beckman 5800 system (Beckman Coulter,
Inc.). ALB was detected by bromocresol green method. The
principle of this method is that bromocresol green reacts with
albumin to form a green complex and then the absorbance is
read at 600 nm (13). The immunoturbidimetric method was
used to detect PA. The principle of this detection method is
that the antibody (prealbumin PA; cat. no. C079-h; incubated at
37°C for 60 min; China Jilin Changchun Huili Biotechnology
Co., Ltd.) reacts with the soluble antigen to form an immune
complex, which becomes the particle suspended in the reac-
tion solution. The absorbance is read at 340 nm for the main
wave and at 750 nm for the secondary wave. The kit was
purchased from Beijing Jiugiang Biotechnology Co., Ltd.
(cat. no. GS631M) and was used according to the manufac-
turer's instructions. Hemoglobin (Hb) and lymphocyte count
(LYM) were measured with automatic blood routine analyzer
XT-2000i (5 classification; Sysmex Corporation).
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Table I. Characteristics of patients in the control (n=61) and observation (n=72) groups.

Characteristics Control group, n (%) Observation group, n (%) t/y? P-value
Sex 0.251 0.617
Male 39 (63.93) 49 (68.06)
Female 22 (36.04) 23 (31.94)
Age, years 0.006 0.937
=55 36 (59.02) 42 (58.33)
<55 25 (40.98) 30 (41.67)
BMI, kg/m? 22.36+1.25 22.84+1.84 1.727 0.087
Smoking habit 0.453 0.501
Yes 39 (63.93) 50 (69.44)
No 22 (36.04) 22 (30.56)
Hypertension 1.320 0.251
Yes 50 (81.97) 53 (73.61)
No 11 (18.03) 19 (26.39)
Diabetes mellitus 0.226 0.634
Yes 40 (65.57) 50 (69.44)
No 21 (34.43) 22 (30.56)
TNM stage 1.114 0.291
T1 30 (49.18) 42 (58.33)
T2 31 (50.82) 30 (41.67)
Surgical program 3.957 0.047
Total laryngectomy 7 (11.48) 18 (25.00)
Partial resection 54 (88.52) 54 (75.00)

BMI, body mass index; TNM, tumor node metastasis.

Outcome measures. The primary outcome measures were
ALB, PA,Hb,LYM levels and PF healing time. The secondary
outcome measures were occurrences of post-operative
infection, adverse reactions, weight, upper arm muscle circum-
ference (UAMC) and triceps skinfold (TSF). The primary and
secondary outcomes were measured before surgery and on the
7 and the 14th post-operative days.

Statistical analysis. All statistical analyses were performed using
SPSS software (version 20.0; IBM Corp.) and graphs were drawn
using GraphPad Prism software (version 7.0; GraphPad Software,
Inc.). Measurement data are expressed as the mean + SD. Data
expressed as rate (%) were assessed by the %> and Fisher exact
tests. Independent or paired t-test was used for comparison
between and within two groups, respectively. Repeated measures
ANOVA was used for analysis between more than two groups;
Bonferroni correction was used for post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. Comparisons of the clinical data,
between patients in the control and observation groups,
revealed no significant differences in the sex, age, BMI,
smoking history, hypertension history, diabetes history and
TNM stage (all P>0.05; Table I). The surgical treatment plans
of two groups were significantly different (P<0.05).

Changes in primary outcomes of patients with LC.Comparisons
between the two groups revealed no significant differences in
ALB, PA, Hb and LYM before surgery (all P>0.05). ALB,
Hb and PA levels were significantly decreased, whereas LYM
was significantly increased, on the 7th post-operative day in
both groups compared with those before surgery (all P<0.05).
ALB, Hb, PA levels and the LYM in the control group were
significantly decreased on the 7th post-operative day compared
with those of the observation group (all P<0.05). On the 14th
post-operative day, PA levels were significantly decreased,
whereas LYM was significantly increased, in both groups
compared with those before surgery (all P<0.05). There were no
differences in ALB and Hb levels in the observation group on
the 14th post-operative day compared with those before surgery
(both P>0.05). Meanwhile, ALB and Hb levels in the control
group were significantly decreased on the 14th post-operative
day compared with those before surgery (both P<0.05). Finally,
ALB, Hb, PA levels and LYM were significantly decreased in
the control group on the 14th post-operative day compared with
those in the observation group (all P<0.05; Figs. 1-4).

PF healing. In the present study, patients presented with PF
in both groups, including five patients in the control group
and seven patients in the observation group. There were no
differences in the average healing times between the control
(7.54+2.35 days) and the observation (7.25+2.01 days) groups,
following the treatment for PF (P>0.05; data not shown).
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Figure 1. Change in ALB levels before and after surgery in the two groups.
Repeated measures ANOVA followed by Bonferroni's correction was used
for analysis. ‘a’ indicates a significant difference compared with 7 days after
treatment within the group (P<0.05). ‘b’ indicated a significant difference
compared with 14 days after treatment within the group (P<0.05). ‘c’ indicates
significant difference between group comparison at 7 days after treatment
(P<0.05). ‘d’ indicates a significant difference between group comparison at
14 days (P<0.05). ALB, albumin.
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Figure 2. Change in PA levels before and after surgery in the two groups.
Repeated measures ANOVA followed by Bonferroni's correction was used
for analysis. ‘a’ indicates a significant difference compared with 7 days after
treatment within the group (P<0.05). ‘b’ indicates a significant difference
compared with 14 days after treatment within the group (P<0.05). ‘¢’ indi-
cates a significant difference between group comparison at 7 days after
treatment (P<0.05). ‘d’ indicates a significant difference between group
comparisons at 14 days (P<0.05). PA, prealbumin.

Analysis of adverse reactions. The number of patients with
post-operative infection, PF, diarrhea, bloating, nausea
and vomiting in the control and observation groups during
treatment was not statistically different (all P>0.05; Table II).

Nutritional status indicators. Before surgery, there were no
differences in the weight, UAMC and TSF of patients between
the control and observation groups (all P>0.05). On the 14th
post-operative day, the weight and UAMC in the observation
group were significantly higher than those before surgery (both
P<0.05), whereas no difference in TSF was observed (P>0.05).
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Figure 3. Change in Hb levels before and after surgery in the two groups.
Repeated measures ANOVA followed by Bonferroni's correction was used
for analysis. ‘a’ indicated that there was a significant difference compared
with 7 days after treatment within the group (P<0.05). ‘b’ indicates a signifi-
cant difference compared with 14 days after treatment within the group
(P<0.05). ‘c’ indicates a significant difference between group comparison at
7 days after treatment (P<0.05). ‘d’ indicates a significant difference between
group comparison at 14 days (P<0.05). Hb, hemoglobin.
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Figure 4. Change in the lymphocyte count before and after surgery in two
groups. Repeated measures ANOVA followed by Bonferroni's correction
was used for analysis. ‘a’ indicates a significant difference compared with
7 days after treatment within the group (P<0.05). ‘b’ indicates a significant
difference compared with 14 days after treatment within the group (P<0.05).
‘c’ indicates a significant difference between group comparison at 7 days
after treatment (P<0.05). ‘d’ indicates a significant difference between group
comparison at 14 days (P<0.05).

In the control group, no differences in weight, UAMC and TSF
were demonstrated on the 14th post-operative day compared
with those before surgery (P>0.05). On the 14th post-operative
day, the weight and UAMC in the control group were signifi-
cantly lower than those of the observation group (all P<0.05),
while there was no difference in TSF (P>0.05; Table III).

Discussion

With the development of social economy and industry, the
number of smokers is increasing, which leads to a number of
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Table II. Analysis of adverse reactions in control and observation groups, n (%).

Group Infection PF Diarrhea Bloating Nausea Vomiting
Control group 2 (3.28) 5(8.20) 2 (3.28) 1(1.64) 3(4.92) 2 (3.28)
Observation group 1(1.39) 7(9.72) 2(2.78) 0 1(1.39) 2(2.78)
P-value 0.999 0.999 0.999 0459 0.333 0.999

PF, pharyngeal fistula.

Table III. Nutritional status indicators in control and observation groups before and after surgery.

Control group

Observation group

Indicators Before surgery Preoperative 7th day Before surgery Preoperative 14th day
Weight, kg 50.65+8.64 51.35+£9.53 51.38+10.84 55.64+8.62*
UAMC, l/em 20.53+4.86 19.84+4.63 20.84+4.66 22.81+5.37*
TSF, d/mm 7.62+£3.20 7.25+£2.15 7.54+£2.93 7.15£2.11

“Pe<0.05 vs. the same group before surgery. UAMC, upper arm muscle circumference; TSF, triceps skinfold.

types of respiratory diseases (14). LC is a common malignant
tumor in the head and neck, most common in males, and
is associated with poor living conditions and smoking (15).
As an important organ in the respiratory process, the larynx
has three functions: Respiration, deglutition and vocalization.
The larynx also plays a role in protecting the lower respiratory
tract (16).

At present, the treatment of early LC is primarily surgical;
however, the direct exposure of the wound to the air after
surgery and the lack of laryngeal protection easily leads to
infection and complications (17). Furthermore, a previous
study has shown that malnutrition is an important cause of
poor wound healing following surgery for head and neck
cancer (18).

Post-operative enteral nutrition support is an important
type of post-operative nutritional care for patients with LC,
and ensures the delivery of nutrients via a feeding tube to
support their daily metabolism and is beneficial for their prog-
nosis (19). A recent study demonstrated that early oral feeding
provides nutrition for patients, and has no effect on PF healing;
furthermore, this type of nutritional intake promotes early
post-operative rehabilitation, following resection of tumors
in patients with colorectal cancer (20). Therefore, the present
study investigated the effects of post-operative enteral nutri-
tion support nursing combined with early oral feeding on the
post-operative efficacy and PF healing time in patients with
LC and identified the optimal treatment and nursing options
for the clinical setting.

In the present study, ALB, PA, Hb levels and LYM were
measured before and after surgery in the control and observa-
tion groups. ALB maintains blood colloid osmotic pressure,
inhibits platelet aggregation and eliminates free radicals in
the body, and is a good indicator of general health (21). The
concentration of serum PA reflects the nutritional status of the
body, which is often used as an important indicator of changes

in post-operative nutritional status. Blood Hb levels partially
reflect the nutritional status of patients (22,23). Furthermore,
when the immunity of a patient is weakened, LYM is decreased
and the patient becomes prone to infections, inhibiting wound
healing (24).

The present study demonstrated that the levels of ALB, Hb,
PA and LYM in the control group were significantly reduced
on the 7 and 14th post-operative days compared with those
in the observation group. This indicated improvement in the
post-operative condition of the patients, following nutrition
support nursing combined with early oral feeding, in contrast
to the combination with nasogastric feeding. This finding
was consistent with the study by Siislii and Sefik Hosal (25),
which reported ameliorative effects on the immune system
and nutritional status of patients following early oral feeding.
Furthermore, the present study demonstrated no difference in
the average PF healing time between the two groups. However,
it was speculated that the cause of PF in patients may be asso-
ciated with the surgical method and the age of the patient. A
study by Seven et al (26) indicated there was no effect on PF
in patients following oral feeding on the 7th post-operative
day. Additionally, a study by Kishikova and Fleming (27)
also demonstrated that early oral feeding had no effect on PF
healing. The aforementioned studies are consistent with the
results obtained in the present study. Statistical analysis on the
adverse reactions of patients in the two groups demonstrated
no differences between the two groups post-operatively, which
might be influenced by the small sample size.

Finally, the weight, UAMC and TSF of patients in the two
groups were compared. UAMC and TSF were important indi-
cators that determine the development of subcutaneous fat and
total protein storage (28). It was demonstrated that there were
no changes in the weight, UAMC and TSF in the control group
following surgery. In the observation group, no differences
were observed in TSF before and after surgery. Meanwhile, the
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weight and UAMC in the observation group were significantly
increased after surgery compared with those before surgery and
those in the control group. These results suggested that early
oral feeding exhibited beneficial effects compared with enteral
nutrition support nursing combined with nasogastric feeding.

However, the short observation time, lack of long-term
follow-up, lack of complete understanding of the details of the
patient's change in condition, and the small sample size are
limitations of the present study. Moreover, the scope of surgical
resection and the chemoradiation regimens of phase 1 and 2
were not consistent, which may affect the results. In addition,
the main cause of PF in patients is unclear. Therefore, future
studies including a longer follow-up time and larger sample
size are warranted. Furthermore, patient grouping according
to the scope of surgical resection is required and risk factors
of PF require further investigation. This will allow the inves-
tigation of independent risk factors and the verification of the
findings from the present study.

In conclusion, post-operative enteral nutrition support
nursing combined with early oral feeding significant improved
the post-operative outcomes of patients with LC and had no
effect on PF healing.
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