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Abstract

Background Incidences of pharyngocutaneous fistulization (PCF) after total laryngectomy (TL) reported in the literature
vary widely, ranging from 2.6 to 65.5%. Comparison between different centers might identify risk factors, but also might
enable improvements in quality of care. To enable this on a national level, an audit in the 8 principle Dutch Head and Neck
Centers (DHNC) was initiated.

Methods A retrospective chart review of all 324 patients undergoing laryngectomy in a 2-year (2012 and 2013) period was
performed. Overall PCF%, PCF% per center and factors predictive for PCF were identified. Furthermore, a prognostic model
predicting the PCF% per center was developed. To provide additional data, a survey among the head and neck surgeons of
the participating centers was carried out.

Results Overall PCF% was 25.9. The multivariable prediction model revealed that previous treatment with (chemo)radiother-
apy in combination with a long interval between primary treatment and TL, previous tracheotomy, near total pharyngectomy,
neck dissection, and BMI < 18 were the best predictors for PCF. Early oral intake did not influence PCF rate. PCF% varied
quite widely between centers, but for a large extend this could be explained with the prediction model. PCF performance rate
(difference between the PCF% and the predicted PCF%) per DHNC, though, shows that not all differences are explained by
factors established in the prediction model. However, these factors explain enough of the differences that, compensating for
these factors, hospital is no longer independently predictive for PCF.

Conclusions This nationwide audit has provided valid comparative PCF data confirming the known risk factors from the
literature which are important for counseling on PCF risks. Data show that variations in PCF% in the DHNCs (in part) are
explainable by the variations in these predictive factors. Since elective neck dissection is a major risk factor for PCF, it only
should be performed on well funded indication.

Keywords Total laryngectomy - Pharyngocutaneous fistulization - National audit - Predictive factors - Predicted
pharyngocutaneous fistulization percentages

Introduction

Pharyngocutaneous fistulization (PCF) is a frequent and
serious complication after total laryngectomy (TL). It
increases morbidity, prolongs hospitalization, potentially
necessitates additional surgery, delays or interrupts oral
feeding and voice rehabilitation, and raises costs [1-3].
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resection and reconstruction, neck dissection, and comor-
bidities [1, 2, 4-7]. It is still disputed which factors are
most relevant and which could be influenced to decrease
the incidence of PCF. These are important issues for pre-
treatment counseling and health economic decisions [7].
Furthermore, data usually come from single-institution
series, which makes a valid interinstitutional comparison
impossible. Such a comparison of complications would
be relevant to gain better insight in the quality of care
for patients undergoing TL on a national level, but can
also lead to changes in treatment protocols in individual
institutes. Grau et al., using the national Danish Head and
Neck Study Group dataset, did identify prognostic fac-
tors for PCF in TL patients with prior radiotherapy (RT).
However, no comparisons between the different centers
in their analysis were conducted [8]. There is evidence
though, that multicenter comparison with proper docu-
mentation and feedback on complications in surgery can
lead to improved quality and reduced costs [9].

To enable such comparison on a national level, interin-
stitutional nationwide audits are indispensable. Recently
the Dutch Head and Neck Society (DHNS) have started
a prospective national audit that eventually will lead to
benchmarking and hopefully further improved patient care.
In the present study we performed a retrospective chart
study, supported by all 8 principle Dutch Head and Neck
Centers (DHNC) affiliated to the Dutch Head and Neck
Society (DHNS) in a 2-year (2012 and 2013) cohort of
TL patients. In this study we not only aimed to identify
the incidence of PCF per center, but also to establish the
factors predictive for PCF, and to develop a prognostic
model predicting the PCF% per center. To provide possibly
informative data not covered by the chart study, a survey
among the head and neck surgeons of the participating
centers was carried out as well.

Methods
Retrospective chart study
Patient selection

All patients (n=324), who underwent a total laryngec-
tomy in the participating centers between January 2012
and December 2013 were included in the study. The total
number of TL procedures per DHNC ranged from 17 to
70 (17, 22, 32, 39, 40, 50, 54, and 70, respectively). Four
patients were excluded from the analysis, because they
died (without PCF) on day 1, 3, 4, and 6, respectively,
leaving 320 patients for further analysis.

@ Springer

Data collection

Patient characteristics agreed to collect in the chart review
were age, gender, ASA (American Society of Anesthesi-
ologists) score, diabetes, BMI (body mass index), smoking
and alchohol history, albumin, hemoglobin, site of primary
tumor, T and N classification, prior treatment [e.g., prior
C(RT)] and interval between TL and prior treatment. Surgi-
cal data collected concerned the indication for TL, previous
tracheotomy, extent of pharyngectomy, type of reconstruc-
tion, extent of neck dissection [no, selective; unilateral or
bilateral and (modified) radical; unilateral or bilateral] use
of antibiotics and tracheoesophageal puncture (TEP). Post-
operative data were timing of oral intake, timing of speech
rehabilitation, hospitalization time, and occurrence, timing
and management of PCF. Medical records were retrospec-
tively reviewed by the first author with supervision in each
center. This study does not fall under de scope of the Medi-
cal Research Involving Human Subjects Act, which was con-
firmed by the institutional review board (MREC 17.0439).

Survey

Thirty-five head and neck surgeons (members of the DHNS)
were invited to participate in a survey about pre-, peri-, and
postoperative management concerning TL. 27 (77%) of these
surgeons, representing all 8 participating centers, returned
their completed questionnaires. Answers in this question-
naire were used to complete data lacking in the chart review.
This concerned data on the pharyngeal closure method,
because this information was not always well-documented
in the surgical reports. And data on the institution’s oral
intake protocol, which was used in the analysis of the pos-
sible influence of early oral intake on PCF formation [3,
10-12].

End points

Primary endpoints for this study were incidence of PCF
(occurring within 30 days after discharge), predictive factors
for PCF and predicted PCF% per DHNC [13]. As routine
swallow X-ray was not performed in all centers, a PCF was
recorded when clinically and/or fluoroscopically evidenced.
PCF within 14 days after TL was the primary endpoint in
a separate analysis pertaining to the role of the (early/late)
oral intake protocol.

Statistical analyses
Identification of predictive factors for PCF

IBM SPSS Statistics 22.0 was used to conduct the analy-
ses. Descriptive statistics were computed and additionally
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univariable and multivariable analyses (using binary logistic
regression analysis) were carried out to assess predictive
factors for PCF. Factors that were univariably predictive for
PCF at a significance level of 10% (2-sided) were initially
included in the multivariable logistic regression analysis,
which was then further refined using backward elimination.
Odds ratios (ORs) and 95% confidence intervals (CIs) of the
final model were calculated. Because of multicollinearity
between origin of index tumor, pharyngectomy reconstruc-
tion, and TEP, only pharyngectomy was kept in the multi-
variable analysis. It was decided a priori to keep BMI in the
final multivariable model regardless it’s predictive value in
the current cohort, because its (potential) importance has
been described in the literature [2, 14]. Albumin level was
excluded from the multivariable analysis because of miss-
ing data in 145 (45%) of the patients. As comorbidity was
not routinely scored in most of the participating centers in
2012 and 2013, we used the ASA score as a surrogate [15,
16]. In assessing the effect of the interval between (C)RT
and TL on PCF formation, we deemed a cut-off point of 30
months clinically relevant. This resulted in one final newly
created variable with five levels: no prior (C)RT, RT 0-30
months (mo) before TL, RT 31-444 mo, CRT 0-30 mo,
CRT 31-444 mo [1].

Predicted PCF percentages per center

Predicted probabilities on PCF per patient were calculated
from the final multivariable logistic regression model. Over-
all PCF% for all centers and predicted PCF% per center were
compared with the observed PCF% per center. When strik-
ing differences were observed, we searched both patient data
and answers to the survey question about management of
pharynx closure for possible explanations.

Role of time from TL to oral intake

The possible effect of timing of oral intake on PCF was
analysed univariably and multivariably using PCF within
14 days after TL as outcome variable and initiation of oral
intake according to the Institutional protocol as predictor,
treating the previously identified predictive factors on PCF
as covariates. PCF within 14 days after TL was used as
the endpoint for this analysis, because we assume that oral
intake mainly can influence the development of PCF in an
early postoperative stage.

Two groups were created: an early group (oral intake
within 3 days after TL) consisting of all patients in hospi-
tals D and E and late group (oral intake >3 days after TL)
consisting of the patients in the remaining hospitals. The
analysis was also conducted with the cut-off point set on 6
days used in hospital H, resulting in an early group with an

oral intake <6 days, and a late group with oral intake after
> 6 days.

Results
Retrospective chart study
Patient and tumor characteristics

The cohort consisted of 255 (80%) men and 65 (20%)
women. The mean age at time of TL was 63.3 years (SD
9.8 years). Smoking data were available for 299 and miss-
ing for 21 patients. 21 patients never consumed tobacco and
278 did. Of this latter group, 143 continued until date of TL
and 135 had stopped already. Alcohol abuse was reported by
125 patients, social alcohol consumption by 138, no alcohol
consumption ever by 4, and for 53 patients these data were
missing. In 217 patients (68%) the tumor was located in
the larynx, in 73 (23%) in the hypopharynx, in 29 (9%) the
primary tumor was outside these two locations (the ‘miscel-
laneous’ group), and in 1 (0.3%) the indication for TL was
non-malignant disease (recurrent pneumonia). The ‘miscel-
laneous’ group consisted patients with oropharynx cancer
(n=11), larynx sarcoma (n =6), thyroid cancer (n=6), oral
cavity cancer (n=2), esophageal cancer (n= 1), neuroendo-
crine larynx tumor (n=1), adenoid cystic carcinoma of the
trachea (n=1), and a clivus meningioma (n=1). Primary
TL was conducted in 117 patients (37%), salvage TL in 138
patients (43%), TL for a second primary in 42 patients (13%)
and TL for a dysfunctional larynx in 23 patients (7%). Of
the 203 ‘non-primary’ TL patients, 140 patients had prior
RT, 50 prior CRT, 12 other cancer treatments, and 1 non-
malignant indication for TL. A detailed overview of patient
and tumor characteristics can be found in Table 1.

Surgical aspects

Standard TL was performed in 212 patients (66%). 69
patients (22%) underwent near total pharyngectomy and 39
(12%) circumferential pharyngectomy in conjunction with
TL. Reconstruction was performed in 127 patients. This con-
cerned reinforcement of the pharynx with a pectoralis major
(PM) flap without skin island in 19 patients (6%). Recon-
struction of the near total pharyngeal defect with a PM-flap
with skin island in 59 patients, and a free flap in 10 [radial
forearm flap (RFF) 9, anterolateral thigh (ALT) 1]. The 39
circumferential pharyngeal defects were reconstructed with
a tubed PM-flap with skin island (n=1), a free flap (n=10;
RFF 4, ALT 5, internal mammary artery perforator n=1),
gastric pull-up (n=18), or free jejunum transfer (n=9). In 1
patient a planned oropharyngeal-cutaneous fistula was made,
whereas this patient also had a PM-flap without skin island.

@ Springer
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Table 1 Characteristics of study population; within brackets the num-
ber of patients for whom data were available

n %
Gender (n=320)
Male 255 79.7
Female 65 20.3
Age at TL (n=320) Mean
63.3 years
(SD9.8)
Smoking history (n=299)
No 21 7.0
Yes 278 93.0
Alcohol history (n=267)
No 4 1.5
Social 138 51.7
Abusive 125 46.8
BMI (n=316)
<18 28 8.9
18-25 170 53.8
> 25 118 37.3
ASA score (n=320)
1 24 7.5
2 159 49.7
3 132 41.3
4 5 1.6
Origin of index tumor (n=320)*
Larynx 217 67.8
Hypopharynx 73 22.8
Miscellaneous® 29 9.1
No tumor 1 0.3
T stage of index tumor (n=301)°
T1 35 11.6
T2 61 20.3
T3 73 24.3
T4 132 439
N stage of index tumor (n=301)°
NO 204 67.8
N1 28 9.3
N2 68 22.6
N3 1 0.3
Prior (C)RT (n=320)
No 130 40.6
Yes, RT 140 43.8
Yes, CRT 50 15.6
Time between prior (C)RT and TL (n=185) Median 15.0
months
(range
1-444)
Time between prior (C)RT and TL dichoto-
mized (n=185)
0-30 mo 126 68.1
31-444 mo 59 31.9

@ Springer

Table 1 (continued)

n %

Indication TL (n=320)

Primary 117 36.6

Salvage 138 43.1

Second primary 42 13.1

Disfunctional larynx 23 7.2
Previous tracheotomy (n=319)

No 245 76.8

Yes 74 232

TL total laryngectomy; BMI body mass index; ASA American society
of anesthesiologists; (C)RT (chemo)radiotherapy

4294/320 (92%) were diagnosed with squamous cell carcinoma

b Miscellaneous: oropharynx n=11; sarcoma in cricoid region n=6;
thyroid n=6; oral cavity n=2; esophagus n=1; neuroendocrine
tumor in larynx n=1; adenoid carcinoma in trachea n=1; clivus
meningioma n = 1

¢ T and N classification is not applicable in patients with sarcoma in
cricoid region n=6, thyroid cancer n=6, neuroendocrine tumor in
larynx n=1, adenoid carcinoma in trachea n=1, clivus meningioma
n=1, no tumor n=1. Data were missing n=3

Selective neck dissection was performed in 110 patients
(34%) and (modified) radical neck dissection in 67 patients
(21%), 50 at the time of TL and 17 at an earlier date. Of the
141 patients (44%) without neck dissection, node sampling
for frozen section was conducted in 36, and these patients
were also categorized as ‘no neck dissection’. In two patients
neck dissection data were missing.

Primary TEP with insertion of an indwelling voice pros-
thesis was performed in 261 patients (82%), secondary TEP
in 37 (12%), and in 22 (7%) no TEP was performed.

Pharyngocutaneous fistulization

The overall incidence of PCF within 30 days after discharge
from the hospital was 25.9% (83/320). After these 30 days,
4 more patients developed PCF, in 3 at day 51, 58, 131,
respectively, and in 1 PCF occurred in the “postoperative
radiotherapy period”, which we also deemed to be more than
30 days after patient’s discharge at day 12 postoperatively.
The incidence of PCF in patients treated with primary TL
was 24.8% (29/117), with salvage TL 22.5% (31/138), with
TL for a second primary 35.7% (15/42) and with TL for a
dysfunctional larynx 34.8% (8/23) (P=0.264). The median
day of PCF manifestation was day 12 (range 1-48 after sur-
gery). 66 of the 83 PCF patients were treated conservatively
(79.5%) and 17 required additional surgery (20.5%). In 15
of these 17 patients, flap reconstruction was used (PM 14;
ALT 1), resuturing of the pharyngeal defect (1), or surgi-
cal exploration only (1). Median time between PCF and
additional surgery was 14.0 days (range 0-172). Sixty-five
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patients (78.3%) were discharged with a cured PCF, and 18
with a persisting PCF (21.7%). Median hospitalization time
for patients without PCF was 13 days (range 7-45) and for
patients with PCF 20 days (range 8—80) (P <0.001). Median
hospitalization time for conservatively treated PCF patients
was 17 days (range 8—68) and for patients with surgically
treated PCF this was 35.5 days (range 7-80) (P=0.012).

Univariable analyses: prognostic factors for PCF

Univariable logistic regression analyses, to identify prog-
nostic factors for PCF, were conducted for gender, age,
site of index tumor, diabetes, BMI (n=316), ASA score,
preoperative albumin level (n=176), preoperative hemo-
globin level (n=284), prior (C)RT, time between prior (C)
RT and TL, pharyngectomy, reconstruction, neck dissection,
TEP and previous tracheotomy. Factors predictive for PCF
were: index tumor, i.e., hypopharynx vs larynx (OR 3.25;
95% CI 1.83-5.76; P<0.001), BMI< 18 (OR 2.64; 95%
CI 1.16-6.00; P=0.02), albumin level <40 g/L. (OR 1.79;
95% C10.92-3.48; P=0.087), prior CRT (OR 2.51; 95% CI
1.26-5.00; P=0.009), increased time between prior (C)RT
and TL [OR 1.10 (per 1 year increase); 95% CI 1.02-1.17,
P=0.003], near total pharyngectomy (OR 3.86; 95% CI
2.13-6.98; P <0.001), circumferential pharyngectomy (OR
2.96; 95% CI 1.42-6.17; P=0.004), reconstruction (all
types of reconstruction vs no reconstruction OR 3.62; 95%
CI 2.15-6.11; P<0.001), neck dissection, i.e., selective (OR
2.30; 95% CI 1.26—4.19; P=0.007) and radical (OR 3.05;
95% CI 1.57-5.95; P=0.001), secondary TEP and no TEP
vs primary TEP (OR 3.83; 95% CI 1.58-9.31; P=0.003, and
OR 3.63; 95% CI 1.78-7.39 P < 0.001, respectively), and
tracheotomy (OR 1.83; 95% CI 1.04-3.21; P=0.036). Prior
RT as single-modality treatment is not a significant prognos-
tic factor for PCF compared to no (C)RT (OR 0.87; 95% CI
0.49-1.54, P=0.635). Smoking (OR 2.25; 95% CI 0.63-8.06;
P=0.213) and discontinuing smoking (OR 1.86; 95% CI
0.52-6.74; P=0.342) are not predictive for PCF compared
to no smoking. A history of alcohol abuse compared to no/
social drinking (OR 1.19; 95% CI 0.68-2.06; P =0.542) also
is not predictive for PCF. Details are summarized in Table 2.
Table 3 provides an overview of the variations in the DHNC
cohorts regarding these significant prognostic factors for PCF.

Multivariable analysis: final prognostic factors for PCF

The multivariable prediction model revealed that prior (C)
RT combined with the time interval between TL and prior
(C)RT, pharyngectomy, neck dissection and previous tra-
cheotomy were the best predictors for development of PCF.
Patients with BMI < 18 had a significantly increased risk
on PCF (OR 2.70; 95% CI 1.06-6.90; P=0.038). Patients
with RT and CRT >31 months before TL and patients with

CRT <30 months before TL were more likely to develop
PCF (OR 2.34;95% CI 1.01-5.43; P=0.048/0OR 5.14,95%
CI 1.13-23.42; P=0.034 and OR 2.32; 95% CI 1.00-5.38;
P=0.049, respectively) compared to patients with no (C)
RT. The other factors associated with PCF were: near total
pharyngectomy (OR 2.61; 95% CI 1.33-5.15; P=0.006),
selective and radical neck dissection (OR 2.51; 95% CI
1.23-5.12; P=0.011, and OR 2.70; 95% CI 1.18-6.15;
P=0.018, respectively) and previous tracheotomy (OR 2.02;
95% CI 1.07-3.79; P=0.029) (Table 4).

PCF performance rate

For a meaningful comparison of the differences in the PCF
percentages, the clinical and surgical differences in the
patient cohorts of the 8 DHNC were taken into account.
Table 5 shows per DHNC the actual PCF%, the difference
between this PCF% and the overall PCF%, the PCF% cor-
rected for predictive (risk) factors found in the multivariable
analysis, and the difference between the predicted PCF% and
the observed PCF%, called the PCF performance rate. The
mean PCF% was higher than the overall mean in centers C
and G, close to the overall mean in centers E, F and H, and
lower in centers A, B and D.

The predicted PCF% (correction based on the multivari-
able logistic regression model) was higher than the overall
mean PCF% in centers C, E, G and H, indicating that these
centers serve a patient population with a higher risk of devel-
oping PCF or use surgical techniques implicating a higher
risk (such as elective neck dissection). In these DHNCs,
patients with BMI< 18, prior CRT (and increased time
between prior CRT and TL), previous tracheotomy, exten-
sive pharyngectomy and selective or radical neck dissection
occur more than average, as also can be seen in Table 3.

The last column in Table 5 shows the PCF performance
rate per DHNC, which is the difference between the actual
PCF% and the predicted PCF%. This shows that not all dif-
ferences are explained by factors established in the predic-
tion model. However, it is also clear that the differences
corrected for the predictive (risk) factors are considerably
smaller than the differences seen in the third column. Indeed,
the predictive factors identified here explain enough of the
differences that, compensating for these factors, hospital is
no longer independently predictive for PCF (P=0.380). The
PCF performance rates are visualized in Fig. 1.

Data used from the national survey
Pharyngeal closure

Techniques for primary pharyngeal closure differ widely
between centers and head and neck surgeons. Nine of 27

@ Springer
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Table 2 Univariable analysis
of possible prognostic factors
for PCF

@ Springer

No. of pts (%) PCF (%) OR? (95% CI) P value
Gender 320 0.964
Male 255 (79.7) 66 (25.9) 1.00
Female 65 (20.3) 17 (26.2) 1.01 (0.55-1.89)
Age at TL 320 NA 0.61° (0.84-1.08) 0.454
Alcohol use 267 0.542
No/social 142 (53.2) 34 (23.9) 1.00
Abusive 125 (46.8) 34 (27.2) 1.19 (0.68-2.06)
Smoking 299 0.417
No 21 (7.0) 3(14.3) 1.00
Yes, discontinued 135 (45.2) 32 (23.7) 1.86 (0.52-6.74) 0.342
Yes, not discontinued 143 (47.8) 39 (27.3) 2.25 (0.63-8.06) 0.213
Site of origin 320 0.000
Larynx 217 (67.8) 42 (19.4) 1.00
Hypopharynx 73 (22.8) 32 (43.8) 3.25(1.83-5.76) 0.000
Miscellaneous 30 (94) 9 (30.0) 1.79 (0.76-4.18) 0.181
Diabetes 320 0.667
No 277 (86.6) 73 (26.4) 1.00
Yes 43 (13.4) 10 (23.3) 0.85 (0.40-1.80)
BMI 316 0.047
18-25 170 (53.8) 42 (24.7) 1.00
<18 28 (8.9) 13 (46.4) 2.64 (1.16-6.00) 0.020
>25 118 (37.3) 8 (6.8) 0.95 (0.55-1.64) 0.849
ASA 320 0.664
1 24 (7.5) 6 (25.0) 1.00
2 159 (49.7) 37 (23.3) 0.91 (0.34-2.46) 0.852
3 132 (41.3) 39 (29.6) 1.26 (0.46-3.41) 0.652
4 5(1.6) 1 (20.0) 0.75 (0.07-8.09) 0.813
Preoperative albumin level 175 0.087
<40 ¢g/L 87 (49.7) 30 (34.5) 1.79 (0.92-3.48)
>40 g/L 88 (50.3) 20 (22.7) 1.00
Preoperative hemoglobin level 284 0.681
Low® 144 (50.7) 37 (25.7) 0.90 (0.53-1.52)
Normal 140 (49.3) 39 (27.9) 1.00
(O)RT prior to TL 320 0.008
No 130 (40.6) 31(23.9) 1.00
RT 140 (43.8) 30 (21.4) 0.87 (0.49-1.54) 0.635
CRT 50 (15.6) 22 (44.0) 2.51 (1.26-5.00) 0.009
Time between prior (C)RT and TL 185 NA 1.10% (1.02-1.17) 0.003
(continuous)
Time between prior RT/CRT and 315 0.000
TL (>or <30 months)
No prior (C)RT 130 (41.3) 31(23.8) 1.00
RT—0/30 mo before TL 87 (27.6) 10 (11.5) 0.42 (0.19-0.90) 0.026
RT—31/444 mo before TL 49 (15.5) 18 (36.7) 1.85 (0.91-3.76) 0.087
CRT—0/30 mo before TL 39 (12.4) 16 (41.0) 2.22 (1.04-4.73) 0.038
CRT—31/444 mo before TL 10 (3.2) 6 (60.0) 4.79 (1.27-18.07) 0.021
Indication TL 0.271
Primary 117 (36.6) 29 (24.8) 1.00
Salvage 138 (43.1) 31 (22.5) 0.88 (0.49-1.57) 0.663
Second primary 42 (13.1) 15 (35.7) 1.69 (0.79-3.60) 0.177
Disfunctional larynx 23(7.2) 8 (34.8) 1.62 (0.62—4.21) 0.323
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Table2 (continued) No. of pts (%) PCF (%) OR* (95% CI) P value

Pharyngectomy 320 0.000

No°® 212 (66.3) 37 (17.5) 1.00

Near total 69 (21.6) 31 (44.9) 3.86 (2.13-6.98) 0.000

Circumferential 39 (12.2) 15 (38.5) 2.96 (1.42-6.17) 0.004
Reconstruction 0.000

No 193 (60.3) 31 (16.1)

Yes 127 (39.7) 52 (40.9) 3.62 (2.15-6.11)
Reconstruction (by type) 320 0.000

No 193 (60.3) 31 (16.1) 1.00

PM-flap without skin island 20 (6.3) 6 (30.0) 2.24 (0.80-6.28) 0.125

PM-flap with skin island 60 (18.8) 28 (46.7) 4.57 (2.42-8.64) 0.000

Free flap 20 (6.2) 8 (40.0) 3.48 (1.32-9.22) 0.012

Gastric pull-up 18 (5.6) 6(33.3) 2.61 (0.91-7.49) 0.074

Jejunum 9(2.8) 4(44.4) 4.18 (1.06-16.45) 0.041
Neck dissection 318 0.002

No/node picking 141 (44.3) 23 (16.3) 1.00

SND 110 (34.6) 34 (30.9) 2.30 (1.26-4.19) 0.007

(M)RND 67 (21.1) 25(37.3) 3.05 (1.57-5.95) 0.001
TEP 320 0.000

Primary 261 (81.6) 54 (20.7) 1.00

No 22 (6.9) 11 (50.0) 3.83 (1.58-9.31) 0.003

Secondary 37 (11.6) 18 (48.6) 3.63 (1.78-7.39) 0.000
Previous tracheotomy 319 0.036

No 245 (76.8) 56 (22.9) 1.00

Yes 74 (23.2) 26 (35.1) 1.83 (1.04-3.21)

Bold P values indicate significance

PCF pharyngocutaneous fistulization; OR odds ratio; CI confidence interval; TL total laryngectomy; BMI
body mass index; ASA American society of anesthesiologists; (C)RT (chemo)radiotherapy; icw in combina-
tion with; SND selective neck dissection; (M)RND (modified) radical neck dissection; PM pectoralis major;

TEP tracheoesophageal puncture

“Logistic regression

PPer 5 years increase in age (higher age corresponds to lower odds of PCF)

‘Low albumin is <7.5 mmol/L in women and < 8.5 mmol/L in men

dPer 1 year increase in time between prior (C)RT and TL [longer time between prior (C)RT and TL cor-

responds to higher odds of PCF]
¢Standard total laryngectomy

who filled in the survey close the pharynx vertically, 14 in a
Y/T fashion, and 4 horizontally.

Oral intake

Two centers (D and E) were using an early oral intake pro-
tocol, which means initiation of oral intake within 3 days
postoperatively. The remaining hospitals were using a late(r)
oral intake protocol, varying from starting oral intake at day
6—12. Combining this information with data from the retro-
spective chart study revealed that patients who started early
with oral intake according to the protocol did not have an
increased risk on PCF within 14 days after TL compared
to patients who started late with oral intake according to

the protocol (OR 1.11;95% CI 0.57-2.17; P=0.752). This
result was comparable in a model together with the final
predictive factors (OR 1.14; 95% CI 0.54-2.41; P=0.736).
One center (H) started oral intake according to protocol on
day 6 after TL. Adding this center to the ‘early oral intake
group according to the protocol’ did not affect this result.

Discussion

This nationwide 2-year audit on postoperative complica-
tions of TL showed that PCF still is a significant problem.
The overall incidence of 25.9% is comparable to figures
reported in the literature [1, 7, 17]. At first sight, there is
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Table 3 Overview of variables predictive for PCF (obtained from univariable analyses) per DHNC

Total (%) A B C D E F G H
n=320 n=52 n=17 n=170 n=39 n=32 n=438 n=40 n=22
Patient/tumor
characteristics
BMI
<18 28 (8.9) 4(7.7) 0(0) 11(15.7) 3(7.7) 5(15.6) 1(22) 0 (0) 4(18.2)
18-25 170 (53.8) 31(59.6) 9 (56.2) 37 (52.9) 22 (56.4) 16 (50.0) 21 (46.7) 24 (60) 10 (45.5)
> 25 118 (37.3) 17 (32.7) 7 (43.8) 22 (31.4) 14 (34.4) 11 (34.4) 23 (51.1)
16 (40) 8(36.4)
Missing 4 1 3
(C)RT prior
to TL
No 130 (40.6) 13 (25) 8 (47.1) 28 (40) 18 (46.2) 8(25) 29 (60.4) 24 (60) 2.1
Yes, RT 140 (43.8) 35(67.3) 8 (47.1) 29 (41.4) 17 (43.6) 12 (37.5) 17 (35.4) 10 (25) 12 (54.5)
Yes, CRT 50 (15.6) 4(7.7) 1(5.9 13 (18.6) 4(10.3) 12 (37.5) 2(4.2) 6 (15) 8(36.4)
Time between  (n=185) (n=39) (n=38) (n=40) (n=21) (n=24) (n=20) (n=15) (n=19)
prior (CO)RT  15.0 (1-444) 13.0 (4-155) 12.0 (4-32) 30.0 (5-444) 12.0 (1-147) 11.0 (7-100) 12.0 (4-234) 16.0 (4-205) 45.0 (4-193)
and TL (mo)
Time between
prior RT/
CRT and TL
(=or <30
months)
No prior (C) 130 (41.3) 13 (25.0) 8 (50) 28 (41.2) 18 (46.1) 8(25) 29 (60.4) 24 (61.5) 2(9.5)
RT
RT—0/30 87 (27.6) 27 (51.9) 6 (37.5) 12 (17.6) 11(28.2) 10 (31.3) 12 (25) 4(10.3) 5(23.8)
mo before
TL
RT—31/444 49 (15.6) 8(15.4) 1(6.3) 15(22.1) 6(15.4) 2(6.2) 5(10.4) 5(12.8) 7(33.3)
mo before
TL
CRT—0/30 39 (12.4) 4(1.7) 1(6.2) 9(13.2) 4(10.3) 10 31.2) 2(4.2) 5(12.8) 4(19.1)
mo before
TL
CRT— 10 (3.1) 0(0) 0 (0) 4(5.9 0(0) 2(6.3) 0(0) 1(2.6) 3(14.3)
31/444 mo
before TL
Missing 1 2 1 1
Origin Tumor
Larynx 216 (67.5) 38 (73.1) 17 (100) 48 (68.6) 26 (66.7) 19 (59.4) 33 (68.8) 23 (57.5) 13 (59.1)
Hypophar- 73 (22.8) 6 (11.5) 0(0) 18 (25.7) 11(28.2) 7(21.9) 12 (25) 12 (30) 7(31.8)
ynx
Other 30 (9.4) 8(15.4) 0(0) 4(5.7) 2(5.1) 6 (18.8) 3(6.2) 5(12.5) 2(9.1)
Indication TL?
Primary 117 (36.6) 11 (21.2) 8 (47.1) 26 (37.1) 17 (43.6) 6 (18.8) 27 (56.3) 20 (50.0) 2(9.1)
Salvage 138 (43.1) 37(71.2) 9 (52.9) 23 (32.9) 15 (38.5) 18 (56.3) 12 (25.0) 12 (30.0) 12 (54.5)
Second 42 (13.1) 4(7.7) 0(0) 13 (18.6) 5(12.8) 5(15.6) 7 (14.6) 3(7.5) 5(22.7)
primary
Disfunctional 23 (7.2) 0(0) 0(0) 8(11.4) 2(5.1) 3094 24.2) 5(12.5) 3 (13.6)
larynx
Surgical details
Pharyngectomy
No° 212 (66.3) 42 (80.8) 16 (94.1) 40 (57.1) 27 (69.2) 19 (59.4) 30 (62.5) 28 (70) 10 (45.5)
Near total 69 (21.6) 6 (11.5) 1(5.9 19 (27.1) 6 (15.4) 6 (18.8) 15 (31.3) 12 (30) 4(18.2)
Circumfer- 39 (12.2) 4(7.7) 0(0) 11 (15.7) 6 (15.4) 7(21.9) 3(6.3) 0(0) 8(36.4)
ential
Reconstruction
No 193 (60.3) 42 (80.8) 16 (94.1) 33 (47.1) 27 (69.2) 13 (40.6) 26 (54.2) 26 (65) 10 (45.5)
PM-flap 20 (6.3) 0(0) 0(0) 7 (10) 0(0) 6 (18.8) 5(10.4) 2(5) 0(0)
without

skin island
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Table 3 (continued)
Total (%) A B C D E F G H
n=320 n=52 n=17 n=70 n=39 n=32 n=438 n=40 n=22
PM-flap with 60 (18.8) 6 (11.5) 1(5.9) 18 (25.7) 1(2.6) 6 (18.8) 13 (27.1) 12 (30) 3(13.6)
skin island
Free flap 20 (6.3) 4(1.7) 0(0) 3(43) 7(17.9) 3(9.4) 2(42) 0(0) 1 (4.5)
Gastric 18 (5.6) 0(0) 0 (0) 2(2.9) 4(10.3) 4(12.5) 2(4.2) 0(0) 6(27.3)
pull-up
Jejunum 9(2.8) 0 (0) 0(0) 7(10) 0 (0) 0(0) 0(0) 0(0) 29.1)
Neck dissec-
tion
No/node 141 (44.3) 39 (75) 0(0) 35(51.5) 19 (48.7) 7(21.9) 24 (50) 2(5) 15 (68.2)
picking
Selective 110 (34.6) 8(154) 14 (82.4) 27 (39.7) 7(17.9) 14 (43.8) 15 (31.3) 23 (57.5) 209.1)
Radical 67 21.1) 5(9.6) 3(17.6) 6(8.8) 13 (33.3) 11 (34.4) 9(18.8) 15 (37.5) 5(22.7)
Missing 2 2
TEP*
No 22 (6.9) 0(0) 0(0) 5(7.1) 3(1.7) 2(6.3) 0(0) 0(0) 8 (36.4)
Primary 261 (81.6) 52 (100) 17 (100) 39 (55.7) 33 (84.6) 25 (78.1) 44 (91.7) 39 (97.5) 12 (54.5)
Secondary 37 (11.5) 0(0) 0(0) 26 (37.1) 3(7.7) 5(15.6) 4(8.3) 1(2.5) 209.1)
Previous tra-
cheotomy
No 245 (76.8) 46 (88.5) 11(64.7) 57 (81.4) 31(79.5) 18 (56.3) 38(79.2) 29 (72.5) 15(71.4)
Yes 74 (23.2) 6 (11.5) 6(35.3) 13 (18.6) 8(20.5) 14 (43.7) 10 (20.8) 11 (27.5) 6 (28.6)
Missing 1

DHNC Dutch Head and Neck Center; PCF pharyngocutaneous fistulization; BMI body mass index; (C)RT (chemo)radiotherapy; 7L total laryn-
gectomy; mo months; PM pectoralis major; TEP tracheoesophageal puncture

 This variable contains interesting information and is therefore presented in this table (indication of TL and TEP were not included in univari-

able analyses because of colinearity with other variables)

® Standard total laryngectomy

a considerable variation in PCF% between the participat-
ing centers. The analysis based on the multivariable predic-
tion model shows that in part these differences in PCF%
are explainable by variations regarding the significant risk
factors for PCF. Factors predicting PCF are prior (C)RT
in combination with prolonged lead time to TL, near total
pharyngectomy, selective neck dissection, radical neck dis-
section, previous tracheotomy, and BMI < 18. These factors
are also in line with earlier studies on the risk for PCF mani-
festation [1, 2, 4, 5, 18].

The most interesting aspect of this study is that it allows
for a detailed comparison between the participating cent-
ers. When observing the actual PCF% in the third column
in Table 5, the variation is much wider than the variation in
the PCF performance shown in the last column of this table.
This means that in the center with the lowest incidence of
PCEF, this incidence is (in part) so low because the identified
risk factors are more favorable. Vice versa, centers with a
higher PCF% have less favorable risk factors in their popula-
tion. There are some exceptions, though, with centers show-
ing better PCF performance than predicted (e.g., center A),
and centers still less favorable than predicted (e.g., center
C). This means that not all differences are explainable with
the multivariable prediction model. Center C, for example,

besides having a less favorable patient population more
patients requiring TL for a dysfunctional larynx (11.4% vs
6.7% in the other centers) and more jejunum reconstruc-
tions (10.0% vs 0.8% in the other centers), is also the only
one where the majority of the pharynx closures were done
horizontally. This might be an explanation of the difference
in predicted and observed fistula rate in that center. In this
respect, it is somewhat disappointing that information about
the closure technique was often not available in sufficient
detail. Therefore we only can speculate about the relevance
of pharynx closure based on the survey data. However, there
are other reports showing that T-shaped closure reduces the
incidence of PCF [19].

The prognostic factors found in this study are compa-
rable with those reported in the literature. Dedivitis et al.
described a 6% increase in PCF risk in patients who under-
went neck dissection [5]. The underlying rationale for this
increased risk is that a neck dissection further diminished
the vascularity in the operation field, making the remain-
ing tissues more susceptible for infection or poor healing
just because of a lack of sufficient perfusion. We also found
that both types of neck dissection, selective and radical, are
associated with an increased risk on PCF. Management of
the NO neck in patients with advanced stage larynx cancer
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Table 4 Final multivariable prediction model

OR (95% CI) P value

(O)RT prior to TL-time 0.008

No prior (C)RT 1.00

RT—0/30 mo before TL 0.63 (0.27-1.47) 0.286

RT—31/444 mo before TL 2.34(1.01-5.43) 0.048

CRT—0/30 mo before TL 2.32 (1.00-5.38) 0.049

CRT—31/444 mo before TL 5.14 (1.13-23.42) 0.034
BMI 0.093

<18 2.70 (1.06-6.90) 0.038

18-25 1.00

> 25 1.46 (0.78-2.73) 0.234
Pharyngectomy 0.021

No 1.00

Near total 2.61 (1.33-5.15) 0.006

Circumferential 1.53 (0.62-3.81) 0.357
Neck dissection 0.022

No 1.00

SND 2.51(1.23-5.12) 0.011

(M)RND 2.70 (1.18-6.15) 0.018
Previous tracheotomy 0.029

No 1.00

Yes 2.02 (1.07-3.79)

Bold P values indicate significance

OR odds ratio; CI confidence interval; (C)RT (chemo)radiotherapy;
TL total laryngectomy; RT radiotherapy; mo months; SND selective
neck dissection; (M)RND (modified)radical neck dissection

Table 5 PCF performance per DHNC

DHNC PCF% Difterence between Predicted PCF perfor-
PCF% and mean PCF%  PCF%®  mance rate®
(25.9)

A 9.6 - 163 14.9 -53

B 17.6 -83 23.6 -6.0

C 37.1 +11.2 28.5 +8.6

D 20.5 -54 23.0 -25

E 25.0 -09 349 -99

F 27.1 +1.2 23.4 +3.7

G 35.0 +9.1 30.6 +4.4

H 27.3 +14 31.6 —43

PCF pharyngocutaneous fistulization; DHNC Dutch Head and Neck
Center

# PCF% corrected for predictive (risk) factors from the multivariable
logistic regression model

® PCF% minus predicted PCF%

and management of the NO neck in salvage patients (with
prior NO/N + neck) is still a matter of controversy and the
final choice of treatment (no neck dissection/node sampling,
or selective neck dissection) is ‘surgeon and center depend-
ent’ [20, 21]. According to the Dutch National Guideline
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on Laryngeal Carcinoma node a node sampling procedure
(instead of a selective neck dissection) can be performed
during a primary TL for advanced disease without clinical or
radiological evidence of positive lymph nodes in case post-
operative radiotherapy is planned or in case of salvage sur-
gery with no evidence of regional metastases and no history
of lymph node metastases [22]. This means that the choice
for selective neck dissection should be weighed against the
higher PCF risk and the option of node sampling for frozen
section should be discussed [23]. Obviously, in case of sus-
picion or evidence of metastatic lymph node involvement
there is no choice and neck dissection is indicated.

The finding that previous tracheotomy is predictive for
PCF is not very surprising, since this condition forms an
additional infection risk and for complicated wound heal-
ing. This means that if tracheotomy is avoidable, e.g., by
performing a TL ‘a chaud’, that is worthwhile considering.
Patients with BMI < 18 were more likely to develop PCF
compared to patients with healthy BMI, which is supported
by earlier studies describing poor nutritional status as a pre-
dictive factor [14, 24]. Certainly in patients in whom there
is time to improve nutritional status and condition, such as
in case of a TL for a dysfunctional larynx, this should be
employed. Interestingly, ASA score at the time of TL had
no significant correlation with PCF%. Although ASA score
has been reported to be a reasonable surrogate parameter for
comorbidity [15, 16], it is not as representative for comor-
bidity as for example, the ACE-27 score, that is nowadays
used in all DHNC centers [25]. However, these data were not
yet available in most of the centers in 2012-2013, and hence,
ASA was included in the study protocol, with the advantage
that the ASA data in this study were available (from anesthe-
sia reports) for the vast majority of the patients.

Lastly, prior (C)RT is frequently described in the literature
as prognostic factor for PCF [4, 5, 7, 8, 26]. In the present
study, prior CRT was a significant predictior for the develop-
ment of PCF in univariable analysis [27]. RT as single-modal-
ity treatment was not significantly associated with a higher
risk of PCF. Interestingly, however, when taking time since
prior treatment into account (<30 vs > 30 months), the mul-
tivariable analysis showed that also RT was a significant pre-
dictor for the development of PCF, as can be seen in Table 4.

The possible influence of oral intake was also examined
in this study and, in accordance with other studies, we did
not find an association between early oral intake and the
development of PCF [3, 10, 11, 28]. Therefore, also the pre-
sent study suggests that an early oral intake protocol after
TL is a safe policy enabling earlier discharge and potentially
positively influences the patients’ feeling of normalcy [3].

A strong aspect of this audit is that there was no selec-
tion bias as all TLs performed in the 8 centers were used
in this analysis. A limitation of this study is that collection
of 2-year oncologic outcome data, such as regional control
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Fig. 1 PCF performance per

DHNC. Gray bars: predicted

probabilities per center minus 8
observed pharyngocutaneous 6
fistulization (PCF) rates per 4
center (PCF performance rate); 2
x-axis: Dutch Head and Neck 0
Center (DHNC)

and survival, was not part of the audit protocol. These data
are of course indispensable for the final verdict on the best
treatment strategy concerning the neck, i.e., the choice
between node sampling for frozen section (associated with
a decreased the risk on PCF) or selective neck dissection
in the cNO cases. It has to be kept in mind that this audit
concerns a retrospective analysis and that not all surgical,
clinical and comorbidity data were available. Moreover,
the definition of a PCF might have caused some differ-
ences as in centers where swallow X-rays are only made
in case of clinical suspicion, subclinical fistulas might
have been missed. However, we did not find a difference
in either the time of fistula occurrence nor in the manage-
ment between centers employing routine swallow X-rays
and those performing them in case of suspicion only.

In conclusion, this nationwide audit has provided valid
comparative PCF data from the participating DNHCs,
confirming the known risk factors from the literature.
These data are useful for counseling on PCF risks. Data
show that variations in PCF% in the DHNCs (in part) are
explainable by the variations in these identified predictive
factors. Standardized detailed surgical reporting is impor-
tant to acquire more relevant data to identify additional
PCEF risk factors, and future audits will hopefully lead to
areduction in the PCF rate. Based on the current analysis,
the optimal approach of the neck with, especially the use
of elective neck dissection, which is a major risk factor for
PCF, needs further consideration. The prognostic benefit
of elective neck dissection when the patient needs post-
operative (C)RT has never been proven. Additionally, the
need for elective neck dissection in the salvage setting of a
clinically negative neck has never been proven, especially
when the neck previously was irradiated electively. We
therefore advise to refrain from neck dissections when the
risk of occult metastases is low.
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