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Complications in Head and Neck Surgery

A Meta-analysis of Postlaryngectomy Pharyngocutaneous Fistula

Joseph A. Paydarfar, MD; Nancy J. Birkmeyer, PhD

Objective: To summarize the potential risk factors for
postlaryngectomy pharyngocutaneous fistula.

Data Sources: Observational studies in the English-
language literature about postlaryngectomy pharyngo-
cutaneous fistula from January 1, 1970, to March 31, 2003.
Studies were identified through a MEDLINE search with
relevant key words; additional studies were identified
through references.

Study Selection: We included studies about the site
of primary malignancy, type of procedure, and type of
closure; studies had to have been based on individual-
level data, with a comparison group for each risk factor
evaluated.

Data Extraction: Data required to calculate the rela-
tive risk of fistula associated with commonly reported
risk factors were abstracted from the studies,
and a meta-analysis using a random-effects approach
was performed to estimate a summary relative risk
of fistula for each risk factor. The statistical signifi-

cance of heterogeneity of effects among studies was
assessed.

Data Synthesis: Of 65 studies identified, 26 met the
inclusion criteria. Significant risk factors identified in the
pooled analysis included postoperative hemoglobin level
less than 12.5 g/dL, prior tracheotomy, preoperative ra-
diotherapy, and preoperative radiotherapy and concur-
rent neck dissection. The degree of heterogeneity of ef-
fects among studies was significant for postoperative
hemoglobin level, preoperative radiotherapy, concur-
rent neck dissection, and comorbid illness. The severity
of fistula was greater in patients with a history of radio-
therapy.

Conclusions: This meta-analysis identified several sig-
nificant risk factors for postlaryngectomy pharyngocu-
taneous fistula. The clinical implications of these find-
ings and the potential sources of heterogeneity of effects
among studies are discussed.

Arch Otolaryngol Head Neck Surg. 2006;132:67-72

OUND COMPLICA-
tions after head and
neck surgery are
associated with
increased patient

tensive. The reported incidence of PCF
ranges from 3%’ to 65%.> Multiple risk fac-
tors have been investigated, including tu-
mor stage, tumor site, concurrent neck dis-
section, preoperative or postoperative
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morbidity, hospitalization, and resource
utilization. Multiple risk factors have been
implicated. However, studies in which
complication rates after head and neck sur-
gery are reported may be limited by small
sample sizes, variability in the type of sur-
gery performed, the tumor site and stage,
the type of reconstruction performed, and
the definition of complication.

To simplify our analysis, we limited it
to a review of studies about pharyngocu-
taneous fistula (PCF) after total laryngec-
tomy. Total laryngectomy is a standard op-
eration, and PCF can be considered a
“binary” complication as the patient does
or does not have a fistula. The literature
addressing postlaryngectomy PCF is ex-

hemoglobin level, comorbid illness, prior
tracheotomy, use of prophylactic antibi-
otics, type of suture material used, type of
drain used, type of closure, duration of sur-
gery, and preoperative radiotherapy.
Through a meta-analysis of observa-
tional studies about PCF, this article sum-
marizes the available evidence about risk
factors contributing to PCF.

- EEETIEE

DATA SOURCES

A search of the English-language literature was
performed using MEDLINE. The search pe-
riod was from January 1, 1970, to March 31,
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Table 1. Significant Risk Factors for Pharyngocutaneous Fistula Identified in Single Articles

Variable Source

Findings

Type of suture material used Soylu et al,® 1998
Johansen et al,* 1988
Chee and Siow,® 1999
Ikiz et al,® 2000

Hier et al,” 1993
Virtaniemi et al,® 2001

Perioperative antibiotics
Positive surgical margins
Pharyngeal myotomy
Blood transfusion

Type of radiotherapy

Lower fistula rate when polyglactin 910 (Vicryl) suture is used for pharyngeal
closure compared with catgut (P<.05)

Drop in fistula rate when patients are given preoperative metronidazole (P<.001)

Fistula rate higher when positive surgical margins are present (P = .02)

Fistula rate higher in patients undergoing pharyngeal myotomy (P =.001)

Increased fistula rate in patients receiving perioperative blood transfusion (P = .006)

Increased fistula rate in patients treated with a combination of cobalt-roentgen
radiotherapy compared with photons (P =.03)

65 Citations Identified

39 Studies Rejected (Did Not Meet
Inclusion Criteria)
15 Without Extractable Outcomes
4 Review Articles or Case Reports
1 Mixed Population of Laryngeal
Procedures (ie, Partial
> Laryngectomy, etc)
2 Flap Reconstruction
1 Without Population of Interest
9 Mixed Population of Tumor Sites
Involving Larynx and Hypopharynx
7 Mixed Population Involving All
Head and Neck Sites

\4
26 Studies Included

Figure 1. Study attrition flow sheet.

2003. The following search terms were used to identify rel-
evant articles: fistula, pharyngocutaneous fistula, cutaneous fis-
tula, laryngectomy, postoperative complications, radiation therapy,
and wound healing (Boolean operators were used to narrow
searches). Additional studies were identified through article ref-
erences.

LITERATURE SCREENING
AND STUDY SELECTION

Only those studies meeting strict inclusion criteria were
selected. The inclusion criteria were as follows: (1) Site
(only primary cancers of the larynx, excluding primary can-
cers of the hypopharynx or other sites in the aerodigestive
tract). (2) Procedure (only total laryngectomy, excluding
partial laryngectomy, laryngectomy with pharyngectomy
[partial or total], and laryngectomy with glossectomy). (3)
Closure (only primary pharyngeal closure, excluding any
form of flap reconstruction). (4) Only studies presenting
individual-level data were included. (5) Only studies in
which risk factors were reported for PCF relative to a com-
parison group were included (ie, a study that presented PCF
rates in patients receiving preoperative radiotherapy would
be excluded if a comparison group of patients without radio-
therapy was excluded from the analysis).

ABSTRACTION OF VARIABLES

Risk factors, or variables, examined in each article meeting the
inclusion criteria were recorded in a spreadsheet. To be in-
cluded in the meta-analysis, a variable had to be present in more
than 1 article. Variables that were significant but were exam-
ined in a single article were also tabulated (Table 1).

STATISTICAL ANALYSIS

For each variable, a relative risk (RR) was calculated for each
study in which data were reported for that variable. Com-
bined summary estimates of effect for each risk factor were then
calculated from a random-effects model using the method of
DerSimonian and Laird.’ The statistical significance of hetero-
geneity of effects among studies was assessed using the x> method
described by Mantel et al.'® These analyses were performed
using commercially available software (Stata, version 7.0;
StataCorp LP, College Station, Tex).

BN  RESULTS R

Figure 1 is a flowchart outlining the systematic review
process. Sixty-five studies presenting data on risk fac-
tors contributing to PCF formation were identified (a com-
plete list of all studies reviewed is available from the au-
thors). Of these studies, 26 met the inclusion criteria. The
10 variables abstracted from the 26 studies were as fol-
lows: preoperative radiotherapy, dose of radiotherapy
(<6000 rad vs =6000 rad [<60 vs =60 Gyl), concur-
rent neck dissection, site (supraglottis, glottis, or sub-
glottis), systemic illness, time from radiotherapy to sur-
gery (<3 vs =3 months), prior tracheotomy, preoperative
radiotherapy and concurrent neck dissection, stage (T1
and T2 vs T3 and T4), and postoperative hemoglobin level
(<12.5vs =12.5 g/dL). Table 2 lists the 26 studies, the
overall fistula rate reported in each study, and the vari-
ables analyzed in each study.

Table 3 gives the pooled analysis of the effect of each
variable on the formation of PCF. The heterogeneity of
effects among studies is also summarized. The results
given in Table 3 are graphically shown in Figure 2. Four
of 10 potential risk factors evaluated in the pooled analy-
sis were significant, including the following: postopera-
tive hemoglobin level less than 12.5 g/dL (RR, 2.10;
P=.006), prior tracheotomy (RR, 1.60; P=.03), preop-
erative radiotherapy (RR, 2.28; P<<.001), and preopera-
tive radiotherapy and concurrent neck dissection (RR,
2.96; P=.002). Pooled estimates of the effects of radio-
therapy dose (RR, 0.95; P=.79), time from radiotherapy
to surgery (RR, 0.94; P=.71), comorbid illness (RR, 2.26;
P=.13), tumor site (RR, 1.31; P=.12), tumor stage (RR,
0.88; P=.35), and concurrent neck dissection (RR, 1.12;
P=.55) were not statistically significant. The degree of
heterogeneity of effects among studies was significant for
postoperative hemoglobin level and for preoperative ra-
diotherapy. Concurrent neck dissection and comorbid
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Table 2. Fistula Rates and Variables Studied
in the 26 Studies in the Meta-analysis

Fistula Rate, No./

Source Total No. (%) Variables Studied

Aprigliano,™ 1990 57/625 (9.1)  XRT

Bresson et al,> 1974 97/148 (65.5)  XRT, St

Cavalot et al,'> 2000 32/293 (10.9)  XRT, ND, CI, T, HGB

Chee and Siow,® 1999 11/69 (15.9)  XRT

Cummings et al,”® 1977 25/155 (16.1)  XRT, XRTD

Fradis et al," 1995 7/56 (12.5)  XRT, ND, St, XRTD

Gall etal,”® 1977 10/233 (4.3)  XRT, S

Hier et al,” 1993 24/126 (19.0)  XRT, St

Horgan and Dedo,® 1979 20/135 (14.8)  XRT, ND, T, HGB,
XRTD, Ti

Ikiz et al,® 2000 8/92 (8.7)  XRT,ND, T, St

Johansen et al,* 1988 34/106 (32.1)  XRTND, S

Joseph and Shumrick,'” 1973 8/23 (34.8)  XRT, XRTND, XRTD, Ti

Kent et al,’® 1985 5/66 (7.6)  XRT,ND, CI, S, St

Krouse and Metson, 1992 5/109 (4.6)  XRT,Cl

Lavelle and Maw,? 1972 64/170 (37.6)  XRT, ND, XRTND, T,

HGB, S, St, XRTD, Ti

McCombe and Jones,* 1993  84/357 (23.5)  XRT, ND, Cl, St
Natvig et al,* 1993 21/180 (11.7)  XRT, ND, XRTND, Ti
Papazoglou et al,® 1994 28/310 (9.0)  XRT, ND, Cl, S, St
Robbins et al,* 1972 2/23(8.7)  XRT,ND, S, St, Ti
Sarkar et al,*® 1990 30/110 (27.3)  XRT, ND

Sheman and Spiro,? 1986 7/60 (11.7)  XRT,ND

Soylu et al,* 1998 37/295 (12.5) XRT,ND, T, St
Stell and Cooney,?” 1974 17/111 (15.3)  XRT

Thawley,' 1981 4/155(2.6)  XRT, S

Virtaniemi et al,® 2001 20/133 (15.0)  XRT, ND, S, St
Wei et al,”® 1980 27/121 (22.3)  XRT, ND, HGB, Ti

Abbreviations: Cl, comorbid illness; HGB, postoperative hemoglobin level;
ND, concurrent neck dissection; S, tumor site; St, tumor stage; T, prior
tracheotomy; Ti, time from radiotherapy to surgery; XRT, preoperative
radiotherapy; XRTD, radiotherapy dose; XRTND, preoperative radiotherapy
with concurrent neck dissection.

illness did not demonstrate an overall increase in RR; how-
ever, the degree of heterogeneity of effects was also sig-
nificant for these variables.

Table 1 lists the variables in single articles that were
found to be significant in those studies®® but were ex-
cluded from the pooled analysis because only the single
article discussed the variable in question. Six stud-
ies, 208132123 summarized in Table 4, included data on
the severity of fistula, comparing patients with and with-
out preoperative radiotherapy. A pooled analysis could
not be performed because of the lack of standardized pre-
sentation of these data among studies; however, the over-
all severity of fistula was greater among patients who un-
derwent preoperative radiotherapy.

- EETETEES

Wound complications (ie, infection, flap necrosis, and fis-
tula) after head and neck surgery are associated with in-
creased hospitalization, resource utilization, and patient
anxiety and morbidity.?>! These complications may im-
pede rehabilitation and delay additional postoperative
therapy. Multiple factors contributing to increased risk of
wound complications have been implicated, including prior

Table 3. Combined Summary Estimates of Effect
for Variables and Significance of Heterogeneity
of Effects Among Studies
Heterogeneity
RR (95% RR of Effects
Variable Confidence Interval) P Value PValue
Patient
Comorbid illness 2.26 (0.80-6.45) A3 <.001
Postoperative 2.10 (1.24-3.55) .006 .05
hemoglobin level
Disease
Tumor site 1.31 (0.93-1.83) 12 .29
Tumor stage 0.88 (0.68-1.14) .35 14
Treatment
Preoperative XRT 2.28 (1.59-3.25) <.001 <.001
XRT dose 0.95 (0.64-1.41) .79 .30
Time from XRT 0.94 (0.66-1.32) VAl 40
to surgery
Neck dissection 1.12 (0.78-1.59) .55 .003
XRT and neck 2.96 (1.51-5.80) .002 45
dissection
Prior tracheotomy 1.60 (1.05-2.44) .03 21

Abbreviations: RR, relative risk; XRT, radiotherapy.

radiotherapy, chemoradiotherapy, malnutrition, duration
of surgery, anemia, tobacco use, medical comorbidity, and
others. However, studies about complication rates are of-
ten limited by small sample sizes, as well as by variability
in the type of surgery performed, the tumor site and stage,
and the method of reconstruction. In addition, the defini-
tion of complication varies among studies.>'

This article presents a meta-analysis of the current lit-
erature about postlaryngectomy wound complications.
Meta-analysis is a statistical method in which separate stud-
ies that are considered to be combinable are statistically
integrated. This statistical tool was originally described as
a means of studying the pooled effects of multiple ran-
domized controlled trials.***® However, meta-analysis of
observational studies is as commonly performed. When
a highly structured and systematic method of data collec-
tion and analysis is used and when the studies analyzed
include binary outcomes (eg, disease vs no disease, dead
vs alive, or fistula or no fistula), it is considered a reliable
means of performing a systematic review of observa-
tional studies.*

We chose studies about postlaryngectomy PCF be-
cause of the standard surgical approach to laryngectomy
and the binary nature of PCF (a patient has or does not
have a fistula). This allows for combining similar obser-
vational studies in which a binary outcome measure is re-
ported. There is an extensive literature about postlaryn-
gectomy PCEF rates; the reported incidence of PCF ranges
from 3%' to 65%.> The inclusion criteria outlined in the
“Methods” section were used to create a homogenous pool
of studies that could be statistically combinable.

The pooled analysis of the 10 abstracted variables from
the 26 included studies shows that postoperative hemo-
globin level, prior tracheotomy, preoperative radio-
therapy, and preoperative radiotherapy and concurrent
neck dissection are associated with increased RR of post-
laryngectomy PCF formation. Although postoperative
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Source Risk Ratio (95% Cl) Weight, %
Wei et al, 28 1980 2.51 (0.99-6.39) 18.1 i
Horgan and Dedo,'6 1979 0.76 (0.32-1.80) 19.7 —
Cavalot et al,'2 2000 2.97 (1.56-5.66) 259 ——
Lavelle and Maw,20 1972 2.62 (1.88-3.66) 36.3 il
Overall 2.10 (1.24-3.55) _—
0.156589 1 6.38615
Risk Ratio
Source Risk Ratio (95% CI) Weight, %
Ikiz et al,8 2000 0.95 (0.13-7.08) 41
Cavalot et al,'2 2000 1.33 (0.35-5.01) 8.7 ]
Horgan and Dedo,'6 1979 3.42 (1.59-7.39) 20.5 ——
Soylu et al,3 1998 1.05 (0.54-2.02) 25.1 —N—
Lavelle and Maw,20 1972 1,57 (1.05-2.32) 416 -
Overall 1.60 (1.05-2.44) e—
0.128182 1 7.80143
Risk Ratio
Source Risk Ratio (95% CI) Weight, %
Robbins et al,24 1972 0.68 (0.04-11.06) 13
Thawley,! 1981 1.74 (0.19-16.38) 19
Kent et al,’8 1985 0.57 (0.07-4.83) 2.0
Gall et al,’® 1977 0.16 (0.02-1.27) 2.1 o
Stell and Cooney,27 1974 15.71 (2.16-114.47) 22 . T
Natvig et al,22 1993 7.69 (1.06-55.81) 2.2 -
Joseph and Shumrick, 17 1973 9.10 (1.33-62.46) 2.3 —_—
Ikiz et al,8 2000 4.24 (0.74-24.42) 26 =
Krouse and Metson,9 1992 18.94 (3.68-97.43) 2.8 —_—
Fradis et al, 4 1995 0.87 (0.21-3.52) 33 "
Shemen and Spiro,26 1986 1.50 (0.37-6.07) 33 -
Chee and Siow,5 1999 6.88 (2.34-20.23) 4.2 .
Horgan and Dedo,'6 1979 1.40 (0.50-3.91) 44 u
Soylu et al,3 1998 1.58 (0.62-4.04) 46 — -
Virtaniemi et al,8 2001 3.06 (1.38-6.78) 5.1 —
Cummings et al,'3 1977 0.90 (0.43-1.89) 5.2
Wei et al, 28 1980 2.85 (1.35-6.00) 52 -
Hier et al,” 1993 1.04 (0.50-2.19) 52 :
Papazoglou et al,23 1994 2.66 (1.27-5.58) 53 —m—
Aprigliano, ! 1990 1.80 (0.90-3.59) 5.4 e
Sarkar et al, 25 1990 3.50 (1.82-6.72) 55 -
Cavalot et al,'2 2000 4.30 (2.27-8.14) 5.6 .
McCombe and Jones,! 1993 6.50 (3.48-12.17) 5.6 -
Lavelle and Maw,20 1972 1.29 (0.80-2.06) 6.1 f
Bresson et al,2 1974 1.05 (0.82-1.33) 6.6
Overall 2.28 (1.59-3.25)
0.008736 1 114.468
Risk Ratio
[D] source Risk Ratio (95% CI) Weight, %
Natvig et al,22 1993 3.14 (0.41-24.27) 10.9 e
Joseph and Shumrick,'” 1973 9.10 (1.33-62.46) 12.2 —_—
Lavelle and Maw,20 1972 2.45 (1.14-5.28) 76.9 B
Overall 2.96 (1.51-5.80) _
0.01601 1 62.4624
Risk Ratio

Figure 2. Graphical representation of the relative risk calculations for the studies and the overall relative risk for the following variables, which were significant risk
factors for the formation of pharyngocutaneous fistula (PCF): postoperative hemoglobin level lower than 12.5 g/dL (A), prior tracheotomy (B), preoperative
radiotherapy (C), and preoperative radiotherapy and concurrent neck dissection (D). A relative risk of 1 indicates that the variable does not increase the risk of
fistula formation. The size of the black squares represents the weight (shown numerically as “Weight, %) of each study in the pooled analysis. Diamonds indicate
overall risk ratio; size of diamonds, confidence interval (Cl). Dotted lines indicate where each study fell with respect to the overall risk ratio.
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hemoglobin level and preoperative radiotherapy repre-
sent significant RRs in the pooled analysis, there is also
significant heterogeneity of effects among studies (ie, sev-
eral studies!>0131218202% did not demonstrate an associa-
tion between these factors and the risk of PCF forma-
tion). On the other hand, while increased risk of PCF was
not shown to be associated with concurrent neck dis-
section and comorbid illness, the heterogeneity of ef-
fects among studies was significant. These findings sug-
gest that other variables excluded from the analysis likely
play arole in increasing the risk of PCF. These confound-
ing variables may include pharyngeal closure tech-
nique, type of suture material used, timing and type of
postoperative oral feeding, duration of surgery, nutri-
tional status, and others. Table 1 lists some of the vari-
ables that were found to be significant in single stud-
ies’® but could not be included in the meta-analysis
because they were discussed only in single articles; the
effect of these variables and possibly others that were not
studied must be considered when interpreting the find-
ings from the meta-analysis.

Although preoperative radiotherapy is associated with
an increased risk of PCF, other radiotherapy-associated
variables such as radiotherapy dose and time from ra-
diotherapy to surgery did not demonstrate an increased
RR. Given the known effects of radiotherapy on normal
tissue, these findings seem counterintuitive.* In the acute
phase, during the delivery of radiotherapy, cells that are
regularly or rapidly dividing are killed, leading to acute
toxic effects such as dermatitis or mucositis. The sec-
ond, or chronic, phase of radiotherapy injury results from
the effects of radiotherapy on the microvasculature of tis-
sue, namely, subintimal fibrosis, endarteritis, and throm-
bus formation. This leads to tissue that is hypovascular,
hypocellular, and hypoxic. Oxygen tension measure-
ments in an irradiated tissue field demonstrate signifi-
cant hypoxia in the center of the field, with a shallow gra-
dient of improvement in oxygen tension as measurements
are taken closer to the periphery.*' These effects can be
appreciated 6 months after treatment and persist for the
lifetime of the patient. Given the known delayed effects
of radiotherapy, it would seem that the longer the time
after completion of radiotherapy that laryngectomy is per-
formed, the higher the risk of PCF formation. However,
the meta-analysis did not support this theory. If the time
from radiotherapy to surgery could be more concisely
stratified, an association may be better appreciated.

One finding that was consistent across all stud-
ies0813213 discussing the severity of PCF was the in-
creased severity of fistula in patients who underwent pre-
operative radiotherapy vs those who did not (Table 4).
The results from these studies, although not combin-
able, suggest that if an irradiated patient develops a fis-
tula, the duration and severity of the fistula will be greater.

DI CONCLUSIONS By

When strict inclusion criteria are used, meta-analysis of
observational studies about postlaryngectomy PCF is a
valid method of identifying risk factors contributing to
wound complications in head and neck surgery. Post-

Table 4. Severity of Fistula in Patients With and Without
Preoperative Radiotherapy

Source Comment

Virtaniemi et al,® 2001

Patients with preoperative XRT developed
fistulas earlier (P =.047), fistulas took
longer to heal (P=.06), and fistulas were
larger (P=.049) compared with patients
without preoperative XRT

More patients with preoperative XRT required
surgical closure of their fistula

Patient undergoing high-dose preoperative
XRT who developed fistula took longer to
develop fistula and longer to heal

50% Of patients with preoperative XRT
developed “severe” fistula compared with
11% of patients without preoperative XRT

Patients with preoperative XRT with fistula
required flap closure

Higher percentage of patients with
preoperative XRT with fistula required
surgical closure (P<.05)

Papazoglou et al,® 1994

Cummings et al,’® 1977

McCombe and Jones,*
1993

Ikiz et al,® 2000

Bresson et al,> 1974

Abbreviation: XRT, radiotherapy.

operative hemoglobin level lower than 12.5 g/dL, prior
tracheotomy, preoperative radiotherapy, and preopera-
tive radiotherapy and concurrent neck dissection are as-
sociated with an increased risk of PCF formation. Over-
all, it seems as if the severity and duration of fistula in
patients who underwent preoperative radiotherapy are
greater than those in patients who did not. Further risk
factor identification would be facilitated by larger stud-
ies examining multiple potential risk factors in a homo-
geneous surgical population.
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