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Abstract

Background: Posterior epistaxis is often treated with nasal packing by balloon compression or gauzes, and in refractory cases,
with ligation of the sphenopalatine artery. These methods are painful, require admission and imply a substantial risk of complicati-
ons. It has been shown that hot water irrigation is effective to stop bleeding. However, the hot water procedure is associated with
patient discomfort, and temperatures over 52°C may cause tissue necrosis. The use of nasal balloons filled with hot water may
potentially be equally effective and cause less discomfort, but has not yet been studied. The aim of this study was to determine
the surface temperature of nasal balloons when filled with hot water.

Methodology: An in vitro study was performed to determine surface temperature of Epistat® and Rapid Rhino® nasal balloons
when filled with water at different temperatures.

Results: There was a strong correlation between inserted water temperature and maximum temperature at Epistat® balloon surf-
ace. Maximum surface temperature occurred during the first 30 seconds after water insertion and there was a rapid temperature
decline irrespective of inserted water temperature. There was a similar correlation for Rapid Rhino®. However, surface temperatu-
res were in general lower, maintained for a longer period and the peak temperature occurred later.

Conclusions: Hot water inflation in nasal balloons seems to be feasible and is unlikely to cause tissue necrosis with inserted water
temperatures of 60°C or less.
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Introduction ment prior to packing by gauzes ©. However, these methods are
Epistaxis is one of the most common reasons for emergency painful, require admission and treatment time is significantly
ear, nose and throat consultations and the risk is increased by prolonged “® which leads to increased risk of complications.
several factors such as the use of anticoagulants and platelet In fact, Melinte et al. recommended nasal packing only as a
inhibitors . As the general population grows older, the use of second-line treatment ©.

such drugs and thereby the prevalence of epistaxis is expec-

ted to increase. Despite a generally good prognosis, epistaxis Hence, there is need for better treatment strategies. Novoa et al.
frequently causes hospitalization and, in some cases, even showed that hot water irrigation was superior to nasal packing

mortality @. Posterior bleeding, although less frequent, is usually ~ in patients undergoing posterior epistaxis ©. Furthermore, Oz-
more severe than anterior bleeding in the hospital setting. Nasal ~ men et al. found in a randomized controlled trial of 120 children
packing by balloon compression is considered first-line treat- that 50°C saline solution was substantially better than room-
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temperature saline to obtain postadenoidectomy hemostasis
@), This is in accordance with findings from two studies showing
that hot saline irrigation during functional endoscopic sinus
surgery reduced blood loss compared to irrigation with room
temperature saline ©9),

Despite, the promising results from Novoa et al., there is still li-
mited use of water irrigation in clinical practice. This is likely due
to risk of aspiration, lack of patient cooperation and discomfort
during the procedure. Potentially, balloon compression with hot
water could provide the advantages from hot water irrigation
with short duration of treatment and reduced risk for compli-
cations. As a temperature of 52°C or higher has been shown to
induce necrosis of nasal mucosa "9, it is important to know the
balloon surface temperature after inflation with hot water. We
have not found any data in the body of literature on surface
temperature of nasal epistaxis balloons. To assess the possible
risks and usability of hot water balloons in a clinical study, data
on surface temperature are needed. The aim of the present
study was to determine surface temperature of two types of
nasal balloons used by our department, when filling them with
water of different temperatures.

Materials and methods

We performed an in vitro study to determine surface tempera-
ture of Epistat® and Rapid Rhino® nasal balloons when filled with
water at different temperatures. To imitate the situation in the
nasal cavity, balloon surface measurements were performed in a
heated water bath with a constant temperature of 37°C (Thermo
Scientific SWB25, Typ 011-0847 Thermo Electron, Karlsruhe,
Germany). The experiments were performed at Akershus Uni-
versity Hospital (altitude 162 m above sea level) in a room with a
constant temperature of 22°C.

To fill the balloons, we used water heated by a Sansaire Sous
Vide (ModernChef Inc, China) (temperature range: 0-100°C;
accuracy £0.1°C). Medical thermometers were used to control
temperatures in the water bath, the water filled in the balloons
and the surface temperature of the balloons (Durac® Digital
Thermometer, VWR EU 620-0918. Accuracy +0.5°C).

Syringes of 30 cm? were filled with hot water heated by the Sous
Vide and kept in the same water to maintain correct tempera-
ture. Thereafter, we filled the Epistat® anterior nasal balloons
with 30 ml hot water from the syringes. The balloons were filled
over a period of 7-10 seconds. The procedure was repeated with
gradually increased water temperatures from 57 to 65 °C for
filling the balloons.

To partly resemble pressure conditions in the nasal cavity, the
temperature measurement was performed by pressing the
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Table 1. Overview of Epistat® experiments.

Number Inserted Maxi- Surface  Surface Surface
of obser-  water mum tempera- tempera- tem-

vations tempera- surface ture30s ture60s perature
ture (°C) tempera- (°C) (°C) 120s

e (°C)

6 57 47.6+0.8 45.9+0.7 445103 41.4+03

6 58 48.2+0.5 463109 44.9+0.6 41.7+0.6

5 59 50.2+0.2 47.2+1.6 448+2.0 41.2+1.6

6 60 50.7£0.7 49.2+0.8 46.7+0.6 42.5+0.6

7 61 50.8+1.1 48.1+£1.6 459109 42.4+0.8

7 62 51.44£0.7 489+1.5 46.7+1.1 43.1+1.5

7 63 51.4+1.2 48.7+1.1 46.3+1.2  42.0+1.0

7 64 53.0+0.9 51.5+0.6 48.1+0.8 43.1+0.6

6 65 534+1.0 51.0+1.2 46.8+1.5 41.6+0.7

Values are given as mean + standard deviation.

thermometer electrode approximately 2 mm into the anterior
balloon surface during hot water inflation. Maximum tempera-
ture within the first 30 seconds and the temperatures after 30,
60 and 120 seconds were recorded.

Furthermore, to see whether the relationship between water
and surface temperature was different for coated balloons, we
performed the same experiments with Rapid Rhino® balloons. In
this case, the water temperature was gradually increased from
61 to 65 °C. A total of 17 Rapid Rhino® balloons were used.

Statistical analysis

Values are presented as mean + standard deviation (SD). To
determine the relationship between surface and water tempera-
ture, we used linear regression and the Pearson correlation coef-
ficient. A value of p<0.05 was considered significant. GraphPad
Prism version 7 was used for the analyses.

Results

Two Epistat® catheters were used for all experiments (filled and
deflated 29 times each) without any obvious material damage.

The surface texture of the coated Rapid Rhino® changes in con-
tact with water and, therefore, we used a new balloon for each

experiment (n=17).

An overview of Epistat® and Rapid Rhino® surface measure-
ments are given in Table 1 and 2, respectively. As illustrated in
Figure 1, there was a strong correlation between inserted water
temperature and maximum temperature at Epistat® balloon
surface (r=0.88, p<0.01). Furthermore, as shown in Figure 2,
maximum surface temperature occurred during the first 30
seconds after water insertion and there was a rapid temperature
decline irrespective of inserted water temperature. After 60 s all
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Figure 1. Water temperature versus maximum balloon surface tempera-
ture for Epistat®. Please note that there is, as expected, a linear relation-
ship between water temperature and maximum surface temperature.

The dotted line indicates maximum surface temperature of 52°C which

has been shown to be the threshold for necrosis of nasal mucosa.
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Figure 2. Balloon surface temperature as a function of time after hot

water insertion (mean + SD). The different symbols indicate the different
water temperatures at baseline. Please note how there is a rapid decline
in balloon surface temperature. The dotted line indicates maximum sur-
face temperature of 52°C, which has been shown to be the threshold for

necrosis of nasal mucosa.

measured surface temperatures were less than 50°C.

There was a similar correlation between inserted water and
maximum surface temperature for Rapid Rhino® (r=0.75, p<0.01)
(Figure 3). However, surface temperatures were in general lower,
maintained for a longer period, and the peak temperature oc-
curred later.

Discussion
The present study demonstrates how surface temperature is
strongly correlated, but consistently lower than inserted water
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Figure 3. Water temperature versus maximum balloon surface tempera-
ture for Rapid Rhino®. Please note that there is, as expected, a linear
relationship between water temperature and maximum surface temper-
ature. The dotted line indicates maximum surface temperature of 52°C,

which has been shown to be the threshold for necrosis of nasal mucosa.

temperature in Epistat® and Rapid Rhino® balloons. In Epistat®
balloons, the threshold temperature of 52°C was not reached
during any of the experiments with water temperatures 60°C
below. Furthermore, for water temperatures of 59°C or less,
maximum surface temperature of 52°C was consistently outside
the 95% confidence interval. There was a rapid drop in tempera-
ture already during the first 60 seconds.

The haemostatic mechanisms of hot water irrigation are not
fully understood. It has, however, previously been suggested
that vasodilatation accompanied by oedema and thereby
narrowing of the intranasal lumen may lead to pressure on the
injured vessel and less bleeding. Furthermore, upregulation of
the coagulation cascade and reduced intraluminal blood pres-
sure due to mucosal vasodilatation may play a role @12, Since

it was previously shown that vasodilation and oedema of nasal
mucosa occur at temperatures of 48°C or higher 19, it is probably
important to keep a temperature of at least 48°C for a significant
period to obtain haemostasis. Hence, it seems reasonable to

use the highest water temperature that does not cause mucosal
necrosis.

The suggested threshold temperature of 52°C for mucosal tis-
sue necrosis was derived from an experimental study in rabbits
19, More recent human studies on hot water irrigation, have

all used water temperatures of 50°C or less and tissue necrosis
has not been reported © 71119, Specifically, in the study from
Schlegel-Wagner et al. patients were examined between 4 and
24 months after 50°C hot water irrigation for epistaxis without
signs of mucosal injury 2. Therefore, taking into account pre-
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Table 2. Overview of Rapid Rhino® experiments.

Number Inserted Maxi- Surface  Surface  Surface
of obser-  water mum tempera- tempera- tempera-
vations tempera- surface ture30s ture60s ture120

ture (°C) temPera-  (o() (°C) s (°C)
ture (°C)

3 61 47.6+£1.0 47.0£1.0 47.2+1.2 448+1.0

3 62 49.0£1.0 47.9+19 48.0£0.2 45.0+0.5

3 63 50.4£1.1 48.4+0.8 50.1£1.0 46.3+0.1

3 64 51.9+0.8 51.5+03 50.7£0.5 46.4+0.6

3 65 51.6x0.9 50.7£0.7 49.7+1.2 46.1+0.5

Values are given as mean + standard deviation.

sent knowledge from clinical and experimental studies, mucosal
temperatures up to 52°C are likely to be safe.

The observation that none of the Epistat® balloons ruptured
despite numerous measurements suggest that it is safe to use
them with hot water in patients.

Two of the reasons nasal hot water irrigation has not been used
in clinical practice are patient discomfort and practical challen-
ges with the procedure. The methodology used in the present
study is feasible in clinical practice, and it is likely that there will
be less patient discomfort with water-filled balloons compared
to hot water irrigation.

Previous attempts to use hot water for haemostasis have not
been limited to the nasopharynx. A small study of patients
undergoing teeth extractions found that the extent of bleeding
was reduced when applying gauze with hot water as compared
to water with room temperature 19,

Limitations

Despite using water bath of 37°C to resemble in vivo nasal con-
ditions there are certainly other factors like for example pressure
from the nasal cavity walls that could interfere with the speed of
temperature decline. Maximum temperature, however, should
not be affected.

The low number of Epistat® balloons used in the experiments
means that hypothetical inter-balloon differences have not been
measured.

Conclusions

Hot water inflation in Epistat® and RapidRhino® nasal balloons
seems to be feasible and is unlikely to cause tissue necrosis

with inserted water temperatures of 60°C. Future studies should
investigate whether such approach is effective for treatment of
posterior epistaxis and whether it causes less patient discomfort
than existing treatments.
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