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Development of Pharyngocutaneous Fistula
after Total Laryngectomy: The Predictive
Value of C-reactive Protein/Albumin Ratio

Abitter Yucel**, Hilal Yicel}, Fuat Aydemir?, Mert Mutaf 3, Mehmet Akif Eryilmaz3, Hamdi Arbag?

ABSTRACT

Background: We aimed to evaluate whether C-reactive protein(CRP)/ Albumin ratio (CAR) performed in the early postoperative period after
total laryngectomy could be a predictive factor for the development of pharyngocutaneous fistula (PCF).

Methods: The files of patients with laryngeal squamous cell carcinoma who underwent total laryngectomy between January 2005 and
January 2019 were retrospectively reviewed. Patients were divided into two groups: patients with PCF (PCF group) and without (Non-PCF
group). CAR values and risk factors were compared between groups.

Results: The overall incidence of PCF was 23.2%. There was a statistically significant difference between the two groups in terms of CRP
and CAR levels (p = 0.001). The CAR value of 27.05 (sensitivity = 75.0% , specificity 68.2%, area under curve (AUC) = 0.742, 95% confidence
interval 0.616-0.868) was determined as a cutoff value to describe the development of fistula in the early postoperative period. In multiple
linear regression analysis, there was an independent relationship between presence of PCF and previous RT and CAR value.

Conclusions: CAR, performed in the early postoperative period, may be a new and useful marker for predicting PCF after total laryngectomy.
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INTRODUCTION

Total laryngectomy (TL), still has critical importance in
the treatment of laryngeal cancer. Although the number of
operations performed for laryngeal and hypopharyngeal
cancer has decreased after 1990s due to the recent advanc-
es in survival rates with chemotherapy and radiotherapy,
TL provides a good local and regional control, especially
in advanced stage patients (1, 2). The pharyngocutaneous
fistula (PCF) can be defined as dissociation of the pharynx
mucosa and resulting in salivary leakage to the skin (3, 4).
PCF is the most common complication after TL and its man-
agement requires experience. PCF is the main reason for
increased morbidity, delayed initiation of adjuvant ther-
apy, prolonged hospital stay, increased treatment costs,
and significantly reduces quality of life (4). Therefore,
prevention of PCF or early diagnosis may reduce morbid-
ity and mortality of patients. There may also be disagree-
ments among the authors about the most important risk
factors for the occurrence of this complication (5). How-
ever, patients can be categorized for PCF risk considering
the factors related to the patient, tumor and treatment.

C-reactive protein(CRP)/Albumin Ratio (CAR), has
been reported to be a new inflammatory prognostic mark-
er (6). It is stated that CAR is a new independent prognos-
tic factor for total survival and disease-free survival in
many cancer types such as larynx, hypopharynx, bladder,
hypopharynx and stomach cancer (6-9). In addition, CAR
has been reported to be an independent and significant
risk factor for postoperative complications at some surgi-
cal procedures (10). In this study, we investigated whether
CAR performed in the early postoperative period could be
a predictive factor for the development of PCF.

MATERIALS AND METHODS

The files of patients with laryngeal squamous cell carcino-
ma who underwent TL surgery between January 2005 and
January 2019 were retrospectively reviewed. Patients were
divided into two groups: patients with PCF (PCF group)
and without (Non-PCF group). Age, sex, alcohol and usage
of cigarette, additional disease (hypertension, diabetes
mellitus, chronic obstructive pulmonary disease), histo-
ry of preoperative radiotherapy (RT) and tracheotomy,
need for blood transfusion, tumor localization (supraglot—
tic, glottic, subglottic), data on the tumor characteristics
(T,N,M Staging, AJCC Stage) (11), status of extralaryngeal
extension, postoperative hemoglobin (Hb), white blood
cell (WBC), neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), CRP, albumin, CAR value and
American Society of Anesthesiologists (ASA) classification
of patients were recorded. The blood parameters of the pa-
tients between the postoperative 2-4 days were considered
in this study. The hematologic values were measured with
in the first 20 minutes after venous puncture (bloodskeep
in potassium EDTA tubes) and then analysed using Sysmex
XP-300 (Sysmex Corporation, Japan). The NLR value was
calculated by dividing the neutrophil count to the lympho-
cyte count, and the PLR by dividing the platelet count to
the lymphocyte count. CAR was obtained by dividing the
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serum CRP level (mg/L) by serum albumin (g/dL). TL pa-
tients with and without PCF were compared in terms of
these parameters.

All surgical procedures were performed by two expe-
rienced surgeons or under their supervision. After TL,
pharyngeal closure was performed with T-shaped closure
technic using 3/0 vicryl (polyglactin) in all cases. Patients
who underwent reconstruction with a flap after laryngec-
tomy were excluded from the study. Each patient was fed
on the first postoperative day with a nasogastric tube. All
patients were fed with the same food supplement in ac-
cordance with their weight. In the postoperative period,
patients were given intravenous ampicillin sulbactam for
1 week. PCF was diagnosed by revealing the saliva content
around the stoma in the postoperative period. Blood values
after PCF development were not recorded. None of the pa-
tients receiving preoperative RT treatment received con-
current chemotherapy. Ethical consent was obtained from
the ethics committee of local university with the number
2019/1897 for this study.

STATISTICAL ANALYSIS

Descriptive statistics were used to compare the general
characteristics of all participants. Test of Normality, in-
cluding Kolmogorov-Smirnov and Shapiro-Wilk tests, was
used to determine the distribution of data. The data with
normal distribution were given as mean * standard devia-
tion. Categorical variables were shown as number (n). The
comparison of the numerical data between groups was
performed with the appropriate test from Independent
Samples T test, Mann-Whitney O test, ANOVA and Krus-
kal-Wallis test. Chi-square and Fisher’s exact test were used
to compare categorical variables. The receiver operating
characteristic (ROC) curve analysis was used to determine
the sensitivity and specificity values of CAR in determin-
ing PCF development after TL. Statistical Package for So-
cial Sciences (SPSS) Windows software (ver. 22; IBM SPSS,
Chicago, USA) was used for all statistical analyses. P value
less than 0.05 was considered as statistically significant.

RESULTS

A total of 86 patients were included in this study. There
were 20 patients in the PCF group and 66 in the non-PCF
group. The overall incidence of PCF was 23.2%. The mean
age of the PCF group was 62.5 and the non-PCF group was
57.6. All of the PCF group consisted of male patients and
there were 61 male and 5 female in the non-PCF group.
There was no significant difference between the two
groups in terms of age and gender. Five patients in the
PCF group and 2 patients in the non-PCF group received
preoperative RT. There was a significant difference be-
tween the groups in terms of preoperative RT treatment
(p = 0.007). There was no significant difference between
the two groups in terms of preoperative tracheotomy, need
for blood transfusion and additional disease (p > 0.05) (Ta-
ble 1) . The patient who underwent TL due to the T, tumor
was operated for recurrence after RT.



Development of Pharyngocutaneous Fistula after Total Laryngectomy

When we evaluated the blood parameters, there was
no statistically significant difference between the groups
in terms of Hb, WBC, PLR and albumin levels (p > 0.05).
There was a significant difference between the two groups
in terms of CRP, NLR and CAR levels (p = 0.001). CRP, NLR
and CAR levels were significantly higher in the PCF group
(Table 1) The CAR value of 27.05 (sensitivity = 75.0%, spec-
ificity 68.2%, area under curve (AUC) = 0.742, 95% confi-
dence interval 0.616-0.868) was determined as a cutoff
value to describe the development of PCF in the early post-
operative period (Figure 1). In other words, patients with
CAR > 27.05 in the early postoperative period had a higher
risk of PCF than patients with a CAR < 27.05.

There was no significant difference between the PCF
group and the non-PCF group in terms of tumor location,
TNM classification, disease stage, extralaryngeal exten-
sion and ASA score (p > 0.05) (Table 2). There was a sig-
nificant difference between the two groups in terms of
preoperative RT status and the number of patients who
received RT treatment was higher in the PCF group. Addi-
tionally, in multiple linear regression analysis, we found
an independent relationship between presence of PCF and
previous RT (beta: 0.303, p: 0.003) and CAR value (beta:
0.246, p: 0.014) (Table 3).

Tab. 1 Distribution of risk factors according to the patient groups.

Parameters Patients Patients Pvalue
with PCF without PCF
(n=20)tsd | (n=66)z+sd
Age 62.5+9.9 57.6 +12.0 0.096
Gender (F/M) 0/20 5/61 0.257
BMI (kg/m) 22.5+2.11 22.1+1.43 0.668
Smoking 20 65 0.767
Alcohol 2 0 0.052
Previous RT 5 2 0.007
Cardiovascular 3 8 0.496
Disease
COPD 4 13 0.601
Preoperative 2 1 0.134
Tracheotomy
Blood Transfusion |1 15 0.064
Hb (g/dL) 13.2+2.0 13.8+1.38 0.194
WBC (103/mm?) 10.2+2.6 105+4.1 0.631
CRP (mg/l) 111.7 £ 45.9 71.5+28.2 0.001
Albumin (g/dL) 3.1+05 3.1+0.6 0.576
CAR 37.2+19.1 23.1+9.7 0.001
NLR 149+54 123+79 0.013
PLR 262.4 +89.5 256.1+169.3 |0.132

PCF: Pharyngocutaneous fistula, BMI: Body Mass Index, RT: Radiotherapy,
COPD: Chronic Obstructive Pulmonary Disease, Hb: Hemoglobin, WBC:
White Blood Cell, CRP: C-reactive Protein, CAR: C-reactive Protein/Albumin
Ratio, NLR: Neutrophil/Lymphocyte Ratio, PLR : Platelet / Lymphocyte
Ratio
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Tab. 2 Distribution of tumor parameters according to the patient
groups.

Patients | Patients
Tumor Parameters with PCF | without PCF Pvalue
(n=20) (n=66)
Supraglottic | 2 8
Glottic 1 7
Site
Subglottic 1 3
Transglottic | 16 48 0.530
T2 0 1
T cl.assnﬁ— 3 9 29
cation
T4 11 36 0.883
NO 13 33
N classifi- N1 2 16
cation N2 1 15
N3 4 2 0.961
M classifi- | MO 20 66
cation M1 0 0 1.000
Stage 3 9 25
Stage
Stage 4 11 41 0.375
Extralaringeal spread 7 29 0.329
ASA2 9 11
ASA
ASA3 24 42 0.329

T: Tumor, N: Node, M: Metastasis, ASA: AmericanSociety of Anesthesiologists

Tab. 3 Multiple linear regresion analysis.

Dependent Independent Eee'::ession P value
variable variables gress
coefficient
Pharyngocutaneous RT 0303 0.003
fistula +
CAR 0.246 0.014
DISCUSSION

PCF is a major complication that develops after TL and
also a challenge for the surgeon and the patient. TL has
become increasingly applicable as salvage procedure with
the evolution of non-surgical organ protection protocols
in the treatment of larynx and hypopharyngeal squamous
cell carcinomas (12). Therefore, in future it is inevitable for
head and neck surgeons to deal with more risky patients
in terms of wound complications and PCF development.
However, Suzana et al. (5) reported that the incidence of
PCF was between 5% and 65% in the 70s and 80s, and be-
tween 9% and 25% in the last decade.

Although many studies have been conducted on PCF
development after TL, there is still no consensus at this
topic. However, there are many studies conducted to de-
termine the most important risk factors. In a review, the
most important risk factors for the development of PCF
were preoperative and postoperative Hb <12.5 g/dL, pre
and postoperative albumin <3.7 g/L, additional diseases,
previous RT and chemoradiotherapy, long surgery time,
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Fig. 1 Reciever operating characteristic (ROC) curve for the
development of PCF (sensitivity = 75.0%, specificity 68.2%, area
under curve (AUC) = 0.742, 95% confidence interval 0.616-0.868).

blood transfusion during surgery, and inexperience of
the surgeon (5). Paydarfar and Birkmeyer (13), reported
that postoperative Hb <12.5 g/dL, previous tracheoto-
my, preoperative RT and preoperative RT combined neck
dissection were associated with increased risk of PCF at
their meta-analysis. Erdag et al. (14) reported that control
of concurrent systemic disease, preservation of hemato-
logical values in the pre- and post-operative period, en-
suring adequate nutrition, and preference of erythrocyte
suspensions for transfusion are key points in the preven-
tion of PCF development. In addition to these traditionally
specified risk factors, it is stated that wound classification,
reconstruction with free flap compared to primary clo-
sure and ASA classification are among the important risk
factors (15, 16). Dedivitis et al. (17) reported that, except
for the mentioned risks, advanced primary tumor, per-
formance status of patient are the important risk factors.

We evaluated our patients considering the risk factors
mentioned above. 23.2% of our TL patients developed PCF.
The main risk factor between the PCF and non-PCF group
was previous RT. Although the main significant differ-
ence between the two groups was RT, it was observed that
smoking was common in both groups, almost all of the pa-
tients were in advanced stage and most of the tumors were
transglottic. It was previously reported that the absolute
risk of PCF development after TL in patients receiving RT
for laryngeal SCC mainly depends on the characteristics
and localization of the primary tumor. In addition, while
in patients with primary glottic T1 or T2 tumors, the ab-
solute risk of PCF development was 11%, it was reported
to increase to 35% at T3 or T4 extralaryngeal tumors (18).

In this study, we investigated whether CAR, NLR and
PLR could be a predictive factor for early (postoperative
2-4 days) detection of PCF development after TL. Proin-
flammatory cytokines increase due to surgical injury, lead-
ing to changes in circulating acute phase proteins such as
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CRP and albumin (19). Postoperative CRP levels are known
to be a marker to predict postoperative inflammation and
complications (20). Although albumin is associated with
chronic diseases and nutritional deficiencies, it behaves
like a negative acute phase protein and further decreases
in response to surgical stres (21, 22). CAR is based on two
circulating acute phase protein levels and is associated
with surgery-induced inflammation. In addition, CAR is
used to identify patients with a high probability of post-
operative complications and it is superior to CRP alone in
the prediction of postoperative complications (10). Xia-
long Ge et al. (10) stated that CAR predicts postoperative
results in patients undergoing elective colorectal surgery.
They stated that combining CRP and albumin within the
single index may be more accurate than CRP alone. In an-
other study, CAR was claimed to be a potential predictor
of anastomotic leakage in patients undergoing esophagec-
tomy (23). Aires et al. (24) reported that patients with a
NLR value of 2.5 and above had a higher risk of develop-
ing postoperative pharyngocutaneous fistula after TL. In
our study, while there was a significant difference in NLR
values between the two groups, there was no significant
difference in terms of PLR. Also, we did not detect any re-
lationship between these two markers and PCF develop-
ment in the regression analysis.

In this study, CAR was significantly higher in the PCF
group than the non-PCF group. We also found that patients
with CAR > 27.05 had a higher risk of PCF than patients
with a CAR < 27.05. Furthermore, there was an indepen-
dent relationship between presence of PCF and previous
RT and CAR value in multiple linear regression analysis.
Perhaps CAR value can give us an idea about need to early
compressive dressing or necessary to wait for oral feeding
due to the possible PCF. When we examined the groups, we
found out that the main difference between the two groups
was previous RT. There was no significant difference be-
tween the groups in terms of other clinical risk factors.
However, serum albumin levels of both groups were below
3.5 g/dL which is described as risky level in the literature.
The difference between the groups in terms of CAR value
was due to the difference in CRP levels rather than the al-
bumin. The role of both albumin and CRP is extensively
known in development of PCF. But as we said before, CRP
isa positive acute phase reactant and albumin is a negative
phase reactant. In the event of a possible PCF, the serum
levels of these two markers(CRP, albumin) can change in
the opposite direction, therefore combination of these two
markers can give more sensitive information about PCF
development than the changes alone in the blood levels of
these two markers. But probably due to the low number
of patients, we could not achieve results that would fully
support our hypothesis in this study. Nevertheless, with
this study, we wanted to draw attention to the fact that
CAR may have a role in the development of PCF after TL
and we wanted to inspire the studies that can be carried
out with many more patient numbers at this topic.

This study has some limitations. First of all, the ret-
rospective nature of this study may have caused to the
exclusion of some patients without detailed medical re-
cords. Although the study groups were similar in terms
of risk factors in general, there was a difference between
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the groups in terms of previous RT, which is one of the
main risk factors of PCF development. Therefore, if this
study may be performed in patients with primary TL,
more healthy outcomes could be obtained. In addition,
only patients who underwent TL with the diagnosis of
laryngeal SCC were included in the study, patients with
hypopharynx SCC were not included. Another limitation
of this study is the lack of CAR values of patients at the
preoperative period.

CONCLUSION

This is the first study to examine the relationship between
PCF development and CAR in TL patients. CAR, performed
in the early postoperative period, may be a new and use-
ful marker for predicting PCF after TL. However, role of
CAR at PCF after TL should be supported by studies with a
higher number of patients in order to make more accurate
comments on this subject. Especially in high-risk patients,
we think that correlating it with other blood parameters
can be more useful.
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