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Abstract

Objective: Benign phonotraumatic lesions of the vocal folds (BVFLs) are typically
seen in younger female patients with high vocal loads. Hemorrhagic polyps (HPs) do
not fit the classic paradigm of most BVFLs, as they tend to occur in an older popula-
tion, have a male predominance, and report to result from a vocal accident. We pre-
sent one of the largest cohorts of HPs, to reexamine their etiology and clinical
features.

Methods: Retrospective cohort study, inclusive of all patients with HP managed by
the senior authors between the years 2016 through 2023. Demographic data, man-
agement, phonotraumatic risk factors, pre- and post-treatment VHI-10 were
reviewed. We examined patient videostroboscopy, categorized the size of the lesion,
and identified any concurrent mucosal abnormality.

Results: One hundred and eleven patients had confirmed HP, 84 males (75.7%).
Thirty-five patients were size category 1; pinpoint (28.9%), 57 were category 2; less
than 1/3rd the vocal fold (45.5%), and 26 were category 3; greater than 1/3rd the
vocal fold (21.5%). Ten patients (9%) had bilateral HPs. Thirty-five patients had an addi-
tional 40 mucosal lesions in addition to the HP(s). The onset of symptoms was gradual
in 60% of patients. The mean pretreatment VHI-10 was 18.0 (SD 10.7), compared to
6.0 (SD 10.5) post-treatment, (p < .001). 57/111 patients reported high voice demand
professions or recreational activities. The average self-reported talkative scale score
was 7.6/10. Patients were managed with operative microdirect laryngoscopy and
microflap excision (53.1%), in-office clinic potassium titanyl phosphate (KTP) laser
(24.3%), voice therapy alone (7.2%), and KTP in the operating room (6.3%).
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1 | INTRODUCTION

Phonotraumatic lesions of the vocal folds arise as a result of micro-
trauma due to collision forces during vocal fold oscillation. The vocal
folds vibrate hundreds of times per second, and during these phona-
tory cycles, there is mechanical trauma that can occur within the
superficial layers of the vocal fold. There is inflammation and subse-
quent remodeling, which can produce a variety of benign vocal fold
lesions. The shear forces are highest in the midmembranous portions
of the vocal folds.! Hemorrhagic polyps are thought to arise due to
rupture of immature vessels associated with neovascularization during
remodeling post-microtrauma.?

Hemorrhagic polyps can be characterized as a more acute onset
rather than chronic onset pathology with a predilection for male vocal
folds.>* Unlike broad-based translucent polyps, which are chronic
trauma-driven changes within the superficial lamina propria, hemor-
rhagic polyps are classically described acute in onset due to a pre-
sumed microvascular hemorrhage. Models developed by Lee et al.
(2021) support this, by indicating that they arise from sudden tissue
change due to trauma versus more gradual accumulation of tissue
trauma in translucent broad-based polyps and midfold fibrous
masses.? Postulations regarding male susceptibility are thought to be
due to the lower fundamental frequency of the biologically male
voice, and this lends itself to more mechanical stress affecting the
deeper vocal fold layers and vasculature. This can allow for the rup-
ture of vessels in the deeper layer of vocal tissue, leading to formation
of a hemorrhagic polyp.*

An integrative literature review by Assad et al. (2017) documen-
ted risk factors related to increased incidence in phonotraumatic
lesions associated with vocal behaviors with high vocal load and dose.
The term vocal dose is used to define the exposure of vocal fold tissue
to vibration, and it is dependent on vocal intensity (i.e., loudness), fun-
damental frequency (i.e., pitch), phonation time, and individual varia-
tions in vocal efficiency (i.e., vocal technique or training).s'6 With
increasing vocal dose, and associated risk factors, there is increased
likelihood of voice disorders.”®

In addition to increased vocal load and gender, there are poten-
tially other conditions that may predispose the vocal fold to the devel-
opment of hemorrhagic polyps. The presence of other benign mucosal
lesions may make the vocal fold more vulnerable to hemorrhagic
polyp formation. Any process that can increase the shear force within
the deeper layers of the lamina propria, such as stiffness or scar, could
promote hemorrhagic polyps. In addition, conditions that encourage

forceful glottic closure such as compensation for glottic insufficiency

Conclusions: In our cohort, most patients were male, had high vocal demands,
reported gradual symptom onset, and almost a third of patients had additional BVFLs.
Level of evidence: Level 3: Retrospective cohort study.

benign vocal fold lesions, dysphonia, hemorrhagic polyp, phonotrauma, vocal fold polyp

in paresis or atrophy may play a role. There are some associations
regarding concurrent benign vocal fold lesions; however, there is pau-
city of literature to support this.”"1°

The standard treatment algorithm for phonotraumatic lesions in
general tends to be conservative, with voice therapy being at the fore-
front of management.!! The treatment paradigm for hemorrhagic
polyps, however, typically favors surgical management, either with
microflap excision or with potassium titanyl phosphate (KTP) laser, as
voice therapy alone is typically ineffective for resolution of the polyp
itself.2>12 That said, there have been a significant number of hemor-
rhagic polyps that have spontaneously resolved while awaiting their
intervention.? Ideal management includes procedures to treat the
lesion and perioperative voice therapy to target the inciting behaviors
and improve vocal efficiency.*®

In this study, we present one of the largest cohorts in literature
examining hemorrhagic polyps. We aim to revisit the etiology and natural
history of hemorrhagic polyps. In addition, we aim to explore the clinical

characteristics of this condition and assess outcomes of treatment.

2 | METHODS

We performed a retrospective cohort study, inclusive of all patients
with hemorrhagic polyps managed by the senior authors between the
years January 2016 through August 2023. This was performed via a
search of all patients seen by the senior authors (ES, KO, and MJ),
who were assigned the International Classification of Diseases, Tenth
Revision (ICD-10) diagnosis code J38.1; vocal fold polyp. This was
approved by the University of Southern California (USC) Institutional
Review Board (IRB), approval number HS-16-00003.

We performed a chart review of all of these patients and col-
lected information on age, gender, management undertaken, and risk
factors for vocal accidents (including profession, hobbies, and self-
reported talkative scale). Baseline Voice Handicap Index (VHI-10) was
collected and repeated after treatment. The Voice Handicap Index
(VHI) and Voice Handicap Index-10 (VHI-10), its corresponding short
form, were developed to measure patients' perception of impairment
due to a voice disorder.**®> The VHI and the VHI-10 are commonly
used in clinics and are also the most cited patient-reported outcome
(PRO) measures in research internationally.

Data collection regarding vocal load and increased vocal demands
leading to potentially at-risk behaviors was examined by collecting
information from an intake questionnaire, a self-reported talkative

scale, and a review of patients reported histories of vocal use. The
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FIGURE 1 Hemorrhagic polyp size classification.

talkative scale consisted of a visual analog scale from 1 to 10 with
word anchors at 1 (very quiet), 5 (average), and 10 (very talkative) (see
Figure S1). The intake questionnaire and talkative scale were filled by
the patient in pen and paper format prior to their appointment. The
intake questionnaire included asking the patient to describe the prob-
lem in 1-2 sentences, describe the onset of voice symptoms as
either “gradual” or “acute,” a tick box for voice symptoms
(e.g., “hoarseness”, “breathiness,” “straining to speak,”, “shaky voice”),
voice demands and occupation, and vocal hygiene habits.

We also examined every patient videostroboscopy at time of diag-
nosis and after treatment. We classified the size of the hemorrhagic
polyp as either pinpoint (size 1), less than 1/3rd the length of the vocal
fold (size 2), or greater than 1/3rd the length of the vocal fold (size 3),
as previously described by Klein et al. (2009) (Figure 1). In addition, we
identified the presence or absence of any concurrent mucosal abnor-
mality of the affected or contralateral vocal fold. In the event an addi-
tional mucosal abnormality was identified, a second fellowship-trained
laryngologist evaluated the exam to confirm the diagnosis. Hemorrhagic
polyps can deform the medial vocal fold edge and make normal lamina
propria appear abnormal. For patients with an identified sulcus vocalis
at the time of hemorrhagic polyp diagnosis, we followed multiple post-
management videostroboscopies to confirm the persistent presence of
lamina propria deficiency before diagnosing a sulcus.

A two-sample student t-test was used to evaluate the mean dif-
ference in age and talkative scale, by gender. A paired samples student
t-test was used to evaluate mean differences in change in pre- and
postintervention VHI-10. Pearson's x2 and two-sample tests of pro-
portion were used to evaluated for associations between hemorrhagic
polyp size and management undertaken. A multinomial logistic regres-
sion was used to evaluate differences in age for the different manage-
ment groups. Statistical analyses were performed using STATA
version 18 (StataCorp. 2023. Stata Statistical Software: Release 18.
College Station, Texas: StataCorp LLC).

3 | RESULTS

The ICD-10 search yielded 260 patients with the diagnosis of vocal
fold polyp. A chart review and review of videostroboscopy on all of

the patients resulted in 111 patients with confirmed diagnosis of hem-
orrhagic polyp. Videostroboscopy exams were available in 108 of
111 patients.

3.1 | Demographics

Among the cohort of 111 patients, there were 84 males (75.7%) and
27 females (24.3%). The mean age of the males was 50.9 years (range
20-90 years), which was significantly older than the female cohort
(44.9 years, range 25-82 years); t(110) = 2.17, p = .03, (Table 1).

3.2 | Symptoms

The most common symptom reported was dysphonia (as described by
“hoarseness,” “voice loss,” and ‘“change in voice”). No patients
reported pain or odynophagia in presenting symptoms.

One hundred and two patients reported on the onset of their
symptoms; of note, only 42 patients (41.1%) reported that their symp-
toms were acute in onset, versus 60 (58.9%) who felt their symptoms
were gradual.

Pre- and post-VHI-10 questionnaires were collected in
66 patients, with a significant reduction postmanagement irrespective
of type, mean pre-VHI-10 was 18.0 (SD 10.7) compared to 6.0
(SD 10.5) postintervention; t(65) = 8.1, p < 0.001.

3.3 | Hemorrhagic polyp features and associated
mucosal pathology

There were 42 left-sided, 59 right-sided, and 10 bilateral, for a total of
121 hemorrhagic polyps. All 10 patients with bilateral hemorrhagic
polyps were male. Out of the 121 polyps, 35 were size category
1(28.9%), 57 were size category 2 (45.5%), and 26 were size category
3 (21.5%). Three were not sized due to inability to view videostrobo-
scopy (Table 2).

Of the 108 patient videostroboscopy exams assessed, there were
40 additional mucosal lesions across 35 patients, with 5 patients
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TABLE 1 Demographic information for hemorrhagic polyp cohort, by gender.
Male n = 84 (75.7%) Female n = 27 (24.3%) Cohort n = 111 (100%)
Age 50.9 years 44.9 years 49.4 years
High vocal demand professions
Professional voice users 23 11 34
Other high voice demand professions 15 2 17
High recreational users 3 3 6
n=41/84 n=16/27 n=>57/111
Mean self-reported talkative scale (out of 10) 7.4 8.4 7.6
n=238 n=13 n=>51
VHI-10
Pre intervention; mean (SD) 17.7 (11.1) 18.9 (9.3) 18.0 (10.7)
Post intervention; mean (SD 6.0 (10.4) 5.4(9.2) 6.0 (10.5)

t(49) = 6.84, p < .001

TABLE 2 Hemorrhagic polyp features and management.

Hemorrhagic polyp features

Laterality

Leftn = 42
Right n = 50

t(15)=4.7, p < .001 t(65) = 8.1, p < .001

Bilateral n = 10

Total of 121 polyps

Size category

Size 1 - n = 35(28.9%)

Size 2 - n = 57 (45.5%)
Size 3 - n =26 (21.5%)

Size category of hemorrhagic polyp

Management Average age (SE), n Size 1 Size 2 Size 3
OR microflap with perioperative voice therapy 54.7 yrs (8.6), n = 59 n=11 n=29 n=19
Clinic KTP 61.7 yrs (10.8), n = 27 n=12 n=14 n=
ORKTP 67.3(15.8),n=7 n=3 n=3 n=
Primary voice therapy (VT) 323yrs(2.9),n=8 n=3 n=2 n=1
None n=10 n= n=

Spontaneous resolution 44 yrs (6.5),n = 3 n=1

Recommended procedure but patient did not pursue

Recommended VT but patient did not pursue

49 yrs (5.8),n =4
48 yrs (6.4),n = 3

Note: SE refers to standard error. For purposes of comparison the patients who were recommended a form of management but did not pursue were

removed from the Pearson's chi squared testing for hemorrhagic polyp size.

having more than 1 mucosal abnormality (Table 3). The most common
additional mucosal abnormality was contralateral reactive lesion and
midmembranous edema. Sulcus and atrophy were also frequently
identified (Figure 2).

3.4 | Vocal demands
Among patients, there were 34 self-reported professional voice
users, including performing singers, actors, comedians, television

news anchors, and teachers. There were also 17 patients, who self-

reported heavy vocal demands as part of their profession, which
included fitness instructors, attorneys, sales assistants, and real
estate professionals. In addition, there were six participants who
self-reported heavy recreational voice use, in the form of regular
recreational karaoke, singing in a rock band and recreational pod-
casting. These were presented grouped as “high vocal demand” in
Table 1.

Self-reported talkative scale was collected on 51 out of the
111 patients in the cohort. The mean score was 7.6/10 (SD 2.01,
range 4-10). When stratified by gender, there was no significant dif-
ference in self-reported talkative scale; t(49) = —1.57,p = .12.
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3.5 | Management

Patients were managed with operative microdirect laryngoscopy and
microflap excision, with concomitant peri-operative voice therapy,
most commonly; n =59 (53.1%), in-office clinic potassium titanyl
phosphate (KTP) laser; n = 27 (24.3%), voice therapy alone; n =8
(7.2%), and KTP in the operating room; n = 7 (6.3%). Seven patients

TABLE 3 Mucosal abnormalities on videostroboscopy.
Abnormality detected Count
Sulcus 6
Atrophy 6
Mid-membranous edema or polypoidal edema 8
Contralateral reactive lesion 10
Varices and ectasia 2
Vocal fold hemorrhage 4
Vocal process granuloma 1
Anterior glottic web 1
Contralateral intracordal cyst 1
Contralateral broad based translucent polyp 1
Total 40

(6.3%) deferred recommended intervention and an additional 3 (2.7%)
had planned intervention (clinic or operating room procedure) but had
spontaneous resolution prior to procedure (Table 2).

One patient in the in-office KTP group had incomplete resolution
of HP. In addition, one patient included in the in-office KTP group had
tried voice therapy first as primary management and then ultimately
underwent the procedure. Voice therapy in isolation had three
patients having HP resolution, two with persistent HP, and
three patients who did not have follow-up for videostroboscopy.

There was no significant association between hemorrhagic polyp
size and management undertaken; x%8) = 13.4, p =.10. Nor was
there any relationship between gender and management; x2(4) = 6.3
p =.18. In addition, there were no differences between post-
treatment VHI-10 score between the different treatment groups; t
(57) = —1.13,p = .87.

4 | DISCUSSION

Hemorrhagic polyps are benign vocal fold lesions that are phonotrau-
matic in origin. Unlike most phonotraumatic lesions, hemorrhagic
polyps are classically acute in nature. The presumed pathologic basis

is acute microtrauma and inflammation, neovascularization, and hem-

orrhage from immature blood vessels.?

FIGURE 2 Concurrent vocal fold

mucosal pathologies.
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7 weeks and
progressively
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FIGURE 3 Asingle subjects experience of an acute vocal injury and subsequent hemorrhagic polyp development over time.

41 | Demographics

Similar to other published literature on hemorrhagic polyps, our
cohort was predominantly male.?* Different patterns in phonotrau-
matic lesions have been identified based on gender. Explanations for
gender differences in patterns of injury revolve around differences in
baseline fundamental frequency and differences in mechanical stress.
Females tend to be more prone to phonotraumatic lesions in general
due to a higher fundamental frequency and higher collision forces.*
One theory is that at higher fundamental frequencies, there is more
superficial (epithelial) trauma that can give rise to vocal fold nodules.
In addition, females are more likely to have a physiologic posterior
glottic gap, which may result in compensation and forceful closure. In
males where there is a lower fundamental frequency, the deeper lam-
ina propria vasculature becomes vulnerable to mechanical stress and

more prone to hemorrhage.*

4.2 | Etiology and development

Despite the acute nature of hemorrhage and presumed hemorrhagic
polyp formation, the majority of our cohort felt that their symptoms
were actually more gradual in onset. The development of hemor-
rhagic polyps is presumed to be the result of phonotrauma and sub-
sequent inflammation, remodeling, and neovascularization.? It is the
vulnerable, immature vasculature that is then thought to hemorrhage
with repeated trauma and result in a polyp. In some cases, small ves-
sel rupture combined with repeated trauma leads to the gradual
increase in size of the lesion and worsening gradual onset dysphonia.
We have included stills of a subject not managed at this institution
and not included in this study that highlight the gradual development
and hemorrhagic polyp formation after an acute vocal injury as a
result of intense vocalization (Figure 3). While the acute hemorrhage
may result in a significant polyp and symptom onset in some
patients, others may have a smaller lesion that develops and pro-
gresses over time. And while this is a single case study, with its own
limitations, the figure below does highlight how in some patients the
repeated trauma after an acute event can lead to a gradual increase
in lesion size and symptoms. Hemorrhagic polyps have always been
considered phonotraumatic in origin, but this sequence of microtrau-
matic events does change how we consider their onset and

development.

It is well established that increasing vocal load and dosing,
whether that be due to actual phonation time, increasing fundamental
frequency, vocal intensity, or variations in vocal efficiency, increases
the risk of developing benign vocal fold lesions.>>~71! The higher the
vocal load, the higher the exposure of the vocal folds to vibratory
trauma. It is then unsurprising that we identified a high proportion of
our cohort as either professional voice users (professional singers,
actors, comedians, teachers) (30.6%) or otherwise self-rated high
voice demand professions (including sales assistants, attorneys, and
hairdressers) (15.3%). In addition, we identified patients who had self-
reported high recreational voice use, including singing in a recreational
rock band or frequent karaoke singer (5.4%). The average self-report
talkative scale was also high (7.6/10). A clear limitation of the current
study is the lack of objective vocal dose measurements to make fur-
ther statements on the role of vocal dose in the incidence of vocal
fold hemorrhagic polyps. This was not feasible for the current study
secondary to retrospective design. Self-reported vocal dose is often
overestimated (including likely in this current study), and ambulatory
voice monitors such as voice dosimeters would have been able to pro-

vide a more objective estimate.>1¢

43 | Co-occurrence with other VF pathology

Multiple concurrent vocal fold mucosal abnormalities are not well
described in the literature. In our study, we noted that many patients
had evidence of phonotrauma and contralateral lesions. Many
patients had concurrent phonotrauma at the time of diagnosis, and
when the videostroboscopy was followed over time, they had persis-
tent mid-membranous fullness/early nodules, edema, and irregular
vocal fold edges many months after the hemorrhagic polyp was man-
aged and resolved. Contact lesions tended to resolve after the
removal of the inciting lesion. We also noted a group of patients with
sulcus vocalis concurrent with hemorrhagic polyps. Vocal fold sulci
and scar result in reduced pliability of the vocal folds, asymmetric
vibration, and a restricted mucosal wave. The presence of vocal fold
sulci may predispose to higher sheering forces and are also hypothe-
sized to be implicated in the development of benign vocal fold
lesions.” It can also result in glottic insufficiency, which may result in
compensation and potentially phonotraumatic behaviors. The associa-
tion between sulcus vocalis and benign vocal fold lesions is mixed,

92,17,18

with a number of studies reporting a relationship and others
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finding no association.'” One of the challenges with sulcus vocalis lies
with regard to the difficulty in diagnosis, the heterogeneity of the dis-
order, and the high diagnostic inter-rater variability.

Phonotraumatic lesions related to voice use are typically a youn-
ger person phenomenon, while lesions related to cumulative irritant
exposure, such as leukoplakia or Reinke's edema, are found in older
populations.* A new finding from this study is that while HPs are
voice-use related, the average age of this cohort is considerably older,
at almost 50 years of age. It is unclear why vocal accidents may be
found in an older population; one hypothesis may be related to
increased incidence of glottic insufficiency with age and phonotrau-
matic compensatory behaviors. We noted a number of patients with
concurrent atrophy in our cohort. Again, there is paucity in the litera-
ture, but other causes of insufficiency have been associated with the
development of benign vocal fold lesions. Koufman et al. noted a rela-
tionship between vocal fold paresis, glottal insufficiency, and translu-
cent broad-based polyps (also known as pseudocysts), and coined the
term “paresis podule.”*® It is unclear if insufficiency is playing a role,
and while we did not have premorbid videostroboscopy on these
patients, certainly the majority of our cohort did not have glottic
insufficiency evident after treatment. Potentially, the development of
HPs is reflecting more global changes that occur with older age. With
increasing age comes delays in wound healing,2® and thus it is possible
that there is an increasing vulnerability of immature vasculature to
acute hemorrhage due to impaired or delayed wound healing after
phonotrauma. Further conclusions are out of the scope of this current

study.

44 | Treatment considerations

Hemorrhagic polyps are known to be poorly responsive to conserva-
tive treatment with voice therapy alone; therefore, most cases neces-
We know that the addition of
perioperative voice therapy has been shown to improve surgical out-

sitate surgical intervention.*®

comes and voice quality, and reduce lesion recurrence and vocal
effort.?"2* What is notable from our cohort is that everyone
responded well to treatment irrespective of type. For the VHI-10,
there was no significant difference between the management, with a
significant reduction for all treatment groups. There were very few
treatment failures overall. When making treatment decisions, it was a
shared decision-making process between the clinician and the patient.
The size, morphology, and vocal use/occupational characteristics of
the patient may make a certain treatments more appropriate than
another. Despite these relationships not being clearly identified within
this cohort, larger lesions and more complex morphologic appearance
may lend themselves to better outcomes within an operative setting.
Professional vocal performers and dynamic voice users were preferen-
tially treated in the operating room due to the increased precision it
allows. Within the limits of this study, we can say that overall all treat-
ment options are valid choices (with the exception of voice therapy in
isolation), and there was little difference in outcomes for this cohort.

It is reasonable for the decision-making for management to reflect

patient preferences, procedure tolerability, risk tolerance, fitness for

anesthesia, patient comorbidities, and available resources.

5 | CONCLUSIONS

We present one of the largest cohorts in the literature of patients
with hemorrhagic polyps. Our cohort was consistent with existing lit-
erature regarding the male predominance of these lesions. In addition,
our cohort showed significant self-reported vocal demands and a high
proportion were professional voice users, again consistent with the
fact that these are phonotraumatic lesions in origin. Interestingly,
more than half of our cohort felt that their symptom onset was grad-
ual rather than acute, which makes us reconsider the developmental
paradigm for hemorrhagic polyps. Our cohort also showed that almost
a third of patients had a concurrent mucosal lesion, often also phono-
traumatic in origin (e.g., contralateral reactive lesions, mid-
membranous edema, subepithelial cyst, ectasia). The presence of a
concurrent sulcus may be considered a precipitant or again another
marker of phonotrauma. Atrophy and glottic insufficiency as a precipi-
tant for further phonotraumatic compensatory behaviors is controver-

sial but potential.
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