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A-Mode Ultrasound in the Diagnosis of Maxillary Sinusitis in Ventilated Patients
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Abstract. A-Mode Ultrasound in the Diagnosis of Maxillary Sinusitis in Ventilated Patients. Problems/objectives: The
diagnosis of maxillary sinusitis in intensive care patients remains problematic. However, it is essential since maxillary
sinusitis causes numerous complications and there is an effective treatment. The aim of this study was to compare
A-mode ultrasound with sinus computed tomography (CT) for the diagnosis of maxillary sinusitis in intubated patients
in critical care undergoing mechanical ventilation.

Methodology: Prospective clinical study in 140 maxillary sinuses in the surgical ICU of a university hospital. In
each intubated and mechanically ventilated patient undergoing cerebral CT scan for any reason, a bedside A-mode ultra-
sonography of the maxillary sinuses was performed the same day. The A-mode ultrasound result was compared with the
result of the sinus CT scan for the diagnosis of maxillary sinusitis.

Results: Sensitivity, specificity, positive predictive value and negative predictive value of A-mode ultrasound compared
with CT were 66.7%, 94.7%, 75.0% and 92.2% respectively. All the empty sinuses were correctly identified as being
empty.

Conclusions: Given its very good specificity and negative predictive value, bedside A-mode ultrasound may be a useful
first-line examination for intubated and mechanically ventilated patients in intensive care, especially to eliminate

suspicion of maxillary sinusitis.

Introduction

Maxillary sinusitis is a frequent
complication in intubated patients
undergoing mechanical ventila-
tion.' It is also a frequent cause of
fever of unknown origin in inten-
sive care unit (ICU) patients.”> In
addition, maxillary sinusitis is fre-
quently associated with ventilator-
associated pneumonia (VAP) and
severe sepsis."” And it has been
reported that the pathway and
duration of endotracheal intuba-
tion were independent risk factors
for maxillary sinusitis." Holzapfel
et al.' showed that the occurrence
of VAP in patients undergoing
prolonged mechanical ventilation
can be prevented by the sys-
tematic search and treatment of
nosocomial sinusitis. The classic
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treatment consists in the removal
of nasal tubes, sinus lavage and
intravenous antibiotics.'* In addi-
tion, the systematic application of
nasal decongestant agents such as
a combination of topically alpha-
adrenergic agonists and corticos-
teroids seems to be effective in
preventing nosocomial maxillary
sinusitis in the ICU.° The diagno-
sis of infectious maxillary sinusi-
tis (IMS) is based on the isolation
of organisms from a culture of
purulent material obtained from
the sinus cavities after the diag-
nosis of radiological maxillary
sinusitis (RMS).*¢ RMS is defined
by an air-fluid level or complete
opacification of the maxillary
sinus area.”® IMS is always associ-
ated with RMS and the IMS/RMS
ratio is stable between studies.'*

Indeed, 60 to 70% of the patients
who have RMS really have IMS.
But all patients with IMS have
RMS."* Therefore, as the first step
in a clinical setting, the problem is
to diagnose RMS.

RMS is not easily diagnosed in
ICU. The “gold standard” for the
diagnosis of RMS in ICU patients
remains a computed tomography
(CT) scan.”” However, CT scans
suffer from significant limiting
factors, including economic
issues, availability and radiation.
The most limiting factor affecting
CT scans is the requirement of the
transportation, with the additional
risk for critically ill patients, to the
radiology department.” The relia-
bility of the bedside use of the
standard four-view sinus radio-
graphic series is poor in ICU
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patients."> Although B-mode
ultrasonography has given good
results compared with CT scans in
this setting,*® there are still no
reports about reproducibility. In
addition, this technique requires
specific technical skills. Sinus-
copy allows for the diagnosis of
infectious maxillary sinusitis (IMS)
but this technique is invasive.
Ultrasound has been suggested in
the investigation of paranasal
sinuses, especially because it is
non-invasive and easy to perform
at the bedside. B-mode ultrasound
is interesting but requires an
expensive ultrasound machine and
expertise to interpret images.

A-mode is the simplest type
of ultrasound. By contrast with
B-mode, which is based on the
principle of brightness modulation
(represented by a grey scale),
A-mode is based on the principle
of amplitude modulation. A single
transducer scans a line through the
body with the echoes plotted on a
screen as a function of depth. On
the display, one axis represents the
time required for the return of the
echo, which corresponds to depth,
and the other corresponds to the
strength of the echo. A-mode
ultrasound requires inexpensive
equipment and seems easier to use
than B-mode ultrasound. More-
over, it is a very fast procedure.
Nowadays, A-mode is in wide-
spread use in otolaryngology and
ophthalmology.”*™ It is especially
useful where a precise indication
of the depths or relative reflectivi-
ties of echo-producing interfaces
is required.”

The aim of this study was to
evaluate the efficacy by compari-
son with CT of bedside A-mode
ultrasonography examination using
an original 2.25 MHz 10 mm probe
to diagnose maxillary sinusitis in
mechanically ventilated patients.

Materials and methods

Study population

The study was performed in the
surgical ICU of a university
teaching hospital. French bio-
ethical legislation did not require
approval from the ethics commit-
tee for this type of study since it
did not involve either physical or
psychological ~ considerations.
Intubated and mechanically venti-
lated patients who required a head
CT scan (for any reason) were
included in this study. They were
not included if radiological maxil-
lary sinusitis had been diagnosed
previously during their stay in the
hospital.

Data collection

The following variables were
recorded from patients: age, sex,
New Simplified Acute Physiologi-
cal Score (SAPS II),'* diagnosis
upon admission, duration of intu-
bation and length of stay in the
intensive care unit when the CT
scan was performed.

Study protocol

For each included patient, a bed-
side A-mode ultrasonography of
the sinuses was performed on
the same day as the head CT by
an experienced staff intensivist
blinded to the result of the CT scan.

For the CT scan, RMS was
defined as complete opacification
or the presence of an air-fluid
level higher than half of the sinus
area, whatever the nature of the
liquid. Absence of RMS was
defined as an empty sinus, with an
air-fluid level lower than half of the
sinus area or mucosal thickening.
A group of three experienced staff
intensivists and one experienced
staff radiologist interpreted the
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CT scan and determined its result.
This group was not in charge
of the patient and was blinded
to the A-mode ultrasonography
result.

The A-mode ultrasonography
was obtained using an A-mode
ultrasonograph (Sinus Explorer,
Medicapteur®) with a probe of
2.25 MHz, 10 mm diameter and
resistance of 5.25/100mV. The
probe was connected to a laptop
for visualisation of the ultrasound
tracing. All patients were in a
semi-recumbent position (head
position: 45 degrees from the
horizontal plane) for at least
10 minutes. A water-soluble gel
was used as an interface to pro-
vide an airless contact between the
transducer and the skin. In respect
to the maxillary sinus, the probe
was applied at the vertical level of
the nasal ala and one centimetre
laterally. The ultrasonography
procedure was performed in a
transversal plane and perpen-
dicular to the skin.

For ultrasonography, the
absence of RMS (negative test)
was defined as the absence of
visualisation of the posterior wall
of the maxillary sinus (Figure 1).
RMS (positive test) was defined
as the visualisation of the
echogenic posterior wall of the
maxillary sinus (Figure 2). The
intensivist who performed the
examination determined the result
of the ultrasonography without
any assistance and was blinded to
the result of the CT scan. The
duration of the A-mode ultrasound
examination was recorded for
each patient.

Data analysis

The number of patients necessary
for the study was calculated on the
basis of a preliminary study with
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Maxillary sinus anterior wall

Figure 1
a: Right empty maxillary sinuses with CT, and b: A-mode ultrasonography with the ini-
tial echo corresponding to the anterior wall, and several small echoes corresponding to
echo resonances ("reverberations").

"Maxillary sinus anterior wall

Maxillary sinus posterior wall

Figure 2
a: Left RMS CT, and b: A-mode ultrasonography with the second echo corresponding to
the posterior wall.

Table 1
Characteristics of the 70 patients at inclusion

Age, yrs* 42 [33 - 58]
Male (%), female (%) 51(73),19 (27)
SAPS II score* 43 [29 - 54]
Duration of intubation, days*® 42 -10]
Admission diagnosis

Cranial trauma, n 17

Polytrauma, n 16

Infection, n 4

Subarachnoid haemorrhage, n 17

Post-op, n 8

Other, n 8

SAPS II: new Simplified Acute Physiology Scorel6
a: Median [quartile 25% - quartile 75%]
b: at the time of the ultrasonography examination.
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20 patients at the same ICU.
Given an o risk of 0.05 and a con-
fidence interval of 0.95, the num-
ber of patients to be included was
69 (138 sinuses).

We analysed the accuracy of
A-Mode ultrasonography com-
pared with CT scans for the diag-
nosis of RMS. A true positive (TP)
result was defined as the presence
of a positive A-mode ultrasound in
a patient with an RMS according
to CT. A true negative (TN) result
was defined as the presence of a
negative A-mode ultrasound in a
patient with no RMS according to
CT. A false positive (FP) result
was defined as the presence of a
positive A-mode ultrasound in a
patient with no RMS according to
CT. A false negative (FN) result
was defined as the presence of a
negative A-mode ultrasound in a
patient with an RMS according to
CT.

Standard formulae were used to
calculate sensitivity (TP/[TP +
FN]), specificity (TN/[TN + FP]),
positive predictive value (TP/[TP
+ FP]), and negative predictive
value (TN/[TN + FN]).

Results

Patients

Seventy patients were included
and so one hundred and forty
sinuses were examined. The
characteristics of these 70 patients
are given in Table 1.

Radiological maxillary sinusitis

The feasibility of A-mode ultra-
sonography was 100%. The dura-
tion of the examination was 117 +
58 seconds per patient. The accu-
racy of A-mode ultrasound, com-
pared with CT scan, for the diag-
nosis of radiological maxillary
sinusitis is shown in Tables 2
and 3.
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Table 2

Results of A-mode ultrasonography device for RMS as a function of
CT diagnosis items for 140 sinus examinations

CT scan
Absence of RMS Presence of RMS
Empty Mucosal Low air- | High air- . Total
. . . . . Full sinus
sinus thickening |fluid level fluid level

& | Absenceof | 8 22 4 5 116
5 | effusion

<

§ | Presence ofl g 3 3 5 13 24
g effusion

< | Total 77 11 25 9 18 140

Table 3
Results of A-mode ultrasonography device for RMS as a function of
CT diagnosis for 140 sinus examinations
CT scan
Absence of RMS Presence of RMS Total
.2 o| Absence of effusion 107 9 116
&

g E Presence of effusion 6 18 24
< Total 113 27 140

Sensitivity, specificity, positive
predictive value, and negative pre-
dictive value for A-mode ultra-
sound Sinus Explorer were
66.7%, 94.7%, 75.0% and 92.2%
respectively. The incidence of
RMS in our study was 19.3%. All
(77/77) the empty sinuses were
correctly identified as empty.

Discussion

Our results indicate that
A-mode ultrasound may be a useful
bedside method for ruling out the
suspicion of maxillary sinusitis in
mechanically ventilated patients.
A-mode ultrasound with Sinus
Explorer compared to CT Scan for
the diagnosis of RMS has a sensi-
tivity of 66.7%, specificity of
94.7%, positive predictive value
of 75.0%, and negative predictive
value of 92.2%. Several studies
examining A-mode ultrasound
and results have been controver-

sial, with sensitivity and specifici-
ty ranging from 29% to 100% and
from 55% to 99% respectively.”'”
» These wide variations may
result from several factors. The
techniques may vary because of
differences between probes, fre-
quencies for scanning, sonograph-
ic norms and ultrasound devices.
To our knowledge, this is the first
study evaluating a 2.25 MHz
probe, which has different proper-
ties to the probes used previously
(i.e. 3.5 MHz). Moreover, patient
position is not always consistent
in the other studies. Ideally,
A-Mode ultrasound should be
performed in an upright position.
This was not possible in our popu-
lation of ICU patients who were
intubated and mechanically venti-
lated. This is also important
because air behind the anterior
wall of the sinus stops ultrasound.
The sinus then appears to be
empty. Westergren showed that
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the ultrasonographic diagnosis
sensitivity improved when the
examination was made in the
semi-recumbent position.”® Only a
few studies have used A-mode
ultrasonography in critically ill
patients”® but only one study
compared A-mode with CT Scan
in the diagnosis of RMS.” Lucchin
et al’ reported sensitivity from
63% to 86% and specificity from
72% to 98% depending on the
ultrasonographist. This wide
range of values was related to the
fact that ultrasonography results
were divided into five categories,
whereas we used only two cate-
gories (RMS or not) in our study,
which is closer to the everyday
practical question related to asso-
ciated fever: "Is a sinuscopy
required or not?" Nevertheless,
our results are comparable to the
Lucchin results, with moderate
sensitivity and excellent specifi-
city.

Our approach allowed us to
identify more precisely which
sinuses are not correctly inter-
preted with A-mode ultrasound.
Firstly, mucosal thickening, which
is not considered to be RMS, was
positive identified by A-mode
ultrasonography in 27.2%. The
low rate of mucosal thickening
recognition with A-mode ultra-
sound has already been noted by
Pfister et al.* Secondly, 44.4% of
large effusions produced false
negative ultrasonograph results.
This is explained by the presence
of air between the anterior wall
and liquid, which stops ultra-
sound. Even using the semi-
recumbent position, these cases
were not well detected. This result
was already described in our pre-
liminary study. On the other hand,
all the 77 empty sinuses in our
study were identified by bedside
A-mode ultrasonography as being
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empty (100%). This is an in-
teresting result in clinical practice
for critically ill patients. If an intu-
bated and mechanically ventilated
patient is suspected of IMS,
A-mode ultrasonography can
minimise the need for transporta-
tion to CT, avoiding all the associ-
ated risks. This result indicates
that A-mode ultrasound Sinus
Explorer is useful for ruling out
RMS diagnosis at the bedside in
mechanically ventilated intensive
care patients.

In our study population, the
incidence of RMS was 19.3% and
it is necessary to balance positive
and negative predictive values
with incidence value. Indeed, the
higher the incidence, the higher
the positive predictive value and
the lower the negative predictive
value. Likewise, the lower the
incidence, the lower the positive
predictive value and the higher
the negative predictive value. This
means that, with increasing RMS
incidence (if A-mode ultra-
sonography is only in patients
who are suspected of RMS), the
negative predictive values will
decrease and positive predictive
values will increase. The rule for
sensitivity and specificity is not
the same since these values are
independent of incidence. There-
fore, even if our results were
obtained in a general ICU popula-
tion with patients who are not
automatically suspected of RMS,
the very high specificity (94.7%)
justifies the hypothesis that
A-mode Sinus Explorer is useful
in patients when there is a specific
suspicion of RMS (intubated and

mechanically ventilated with
fever and inflammatory syn-
drome).

The association between RMS
and sepsis constitutes a strong
suggestion of a diagnosis of IMS.

Treatment for IMS relies on both a
preventive approach, with the
removal of all nasal tubes, and on
a curative approach, with antibi-
otics and sinus lavage using
Albertini's drains.”

The rule is to ensure the vacuity
of nasal cavities in order to pre-
vent and treat IMS in ICU
patients.” Oro-tracheal and oro-
gastric intubations are preferred to
naso-tracheal and naso-gastric
intubations.” The removal of all
nasal tubes associated with the
semi-recumbent  position  is
assumed to increase the perme-
ability of the ostium and reduce
the incidence of IMS.

For patients with IMS, the
administration of parenteral anti-
biotics is usually prescribed.? The
efficacy of these antibiotics for
sinonasal infections is unclear,
and the long-term administration
of parenteral antibiotics is associ-
ated with a moderate amount of
morbidity. Souweine showed that
intravenous antibiotherapy does
not automatically result in an ade-
quate concentration of antibiotics
in the sinus mucosa.* He also con-
cluded that the frequent recovery
of micro-organisms susceptible to
the antimicrobial treatment ad-
ministered suggests that systemic
antibiotics may not be sufficient.
This supports the choice of
mupirocin (Bactropan) for topical
application. Topical antibiotics are
particularly effective in patients
whose sinuses have been ‘opened’
to the nasal cavity. For patients
with sinonasal infection with
Methicillin-Resistant Staphylo-
coccus Aureus (MRSA), treatment
consists of a combination of oral
and topical antibiotics (mupiro-
cin) for 1-2 weeks.”? Additional,
prospective studies are needed
to quantify and contextualise
the impact of sinonasal MRSA, as

181

well as to provide a foundation for
evidence-based treatment guide-
lines.

Our study has several limita-
tions. First, only one experienced
operator performed all the proce-
dures and therefore we did not
analyse either reproducibility with
the device when used by other
experts or the learning curve
for novices. Secondly, although
A-mode ultrasound appears to be
inefficient for detecting patholo-
gy, it works well in the detection
of normal sinuses. We did not
evaluate the potential interest of a
daily repetition of this fast proce-
dure for the same patient. Daily
ultrasonography sequences may
improve the reliability of the
A-mode ultrasonography and there-
fore minimise the need of risky
transportation for CT scanning.
Further studies should address
ultrasonographic  specificities,
allowing for the radiological dif-
ferentiation of IMS and pure
RMS. These investigations may
allow for a better understanding of
the physiopathology and the more
effective prevention of IMS.

Conclusion

In conclusion, the exploration of
the maxillary sinuses in critically
ill patients using the A-mode
ultrasonography Sinus Explorer
is a rapid, non-invasive, bed-
side examination using easily
portable equipment, which should
minimise referral to CT scan.
Given its excellent specificity and
negative predictive value, bedside
A-mode ultrasound may be a
useful first-line examination for
mechanically ventilated ICU
patients when maxillary sinusitis
is suspected, and particularly for
the elimination of a diagnosis of
maxillary sinusitis.



182

Acknowledgments

We thank Nancy and David Koch for
the stylistic editing of the manuscript
and Marie France Héllot for her sta-
tistical assistance.

References

1. Holzapfel L, Chastang C,
Demingeon G, Bohe J, Piralla B,
Coupry A. A randomized study
assessing the systematic search for
maxillary sinusitis in nasotracheally
mechanically ventilated patients.
Influence of nosocomial maxillary
sinusitis on the occurrence of ventila-
tor-associated pneumonia. Am J Respir
Crit Care Med. 1999;159(3): 695-701.

2.van Zanten AR, Dixon JM,
Nipshagen MD, de Bree R, Girbes
AR, Polderman KH. Hospital-
acquired sinusitis is a common cause
of fever of unknown origin in orotra-
cheally intubated critically ill patients.
Crit Care. 2005;9(5):R583-590.

3. Holzapfel L, Chevret S, Madinier G,
Ohen F, Demingeon G, Coupry A,
Chaudet M. Influence of long-term
oro- or nasotracheal intubation on
nosocomial maxillary sinusitis and
pneumonia: results of a prospective,
randomized, clinical trial. Crit Care
Med. 1993;21(8):1132-1138.

4. Souweine B, Mom T, Traore O,
Aublet-Cuvelier B, Bret L, Sirot J,
Deteix P, Gilain L, Boyer L.
Ventilator-associated sinusitis: micro-
biological results of sinus aspirates in
patients on antibiotics. Anesthesi-
ology. 2000;93(5):1255-1260.

5. Pneumatikos I, Konstantonis D,
Tsagaris I, Theodorou V, Vretzakis G,
Danielides V, Bouros D. Prevention of
nosocomial maxillary sinusitis in the
ICU: the effects of topically applied
alpha-adrenergic agonists and corti-
costeroids. Intensive Care Med. 2006;
32(4):532-537.

6. Vargas F, Bui HN, Boyer A,
Bebear CM, Lacher-Fougere S, De-
Barbeyrac BM, Salmi LR, Traissac L,
Gbikpi-Benissan G, Gruson D,

10.

11.

12.

13.

14.

15.

Hilbert G. Transnasal puncture based
on echographic sinusitis evidence in
mechanically ventilated patients with
suspicion of nosocomial maxillary
sinusitis. Intensive Care Med. 2006;
32(6):858-866.

. Lucchin F, Minicuci N, Ravasi MA,

Cordella L, Palu M, Cetoli M, Borin
P. Comparison of A-mode ultrasound
and computed tomography: detection
of secretion in maxillary and frontal
sinuses in ventilated patients. Intensive
Care Med. 1996;22(11): 1265-1268.

. Hilbert G, Vargas F, Valentino R,

Gruson D, Chene G, Bebear C,
Gbikpi-Benissan G, Cardinaud JP.
Comparison of B-mode ultrasound
and computed tomography in the
diagnosis of maxillary sinusitis in
mechanically ventilated patients. Crit
Care Med. 2001;29(7):1337-1342.

. Lichtenstein D, Biderman P, Meziere

G, Gepner A. The "sinusogram", a
real-time ultrasound sign of maxillary
sinusitis. Intensive Care Med. 1998;
24(10):1057-1061.

Damm C, Vandelet P, Petit J, Richard
JC, Veber B, Bonmarchand G,
Dureuil B. Complications during the
intrahospital transport in critically ill
patients [in French]. Ann Fr Anesth
Reanim. 2005;24(1):24-30.

Caplan ES, Hoyt NJ. Nosocomial
sinusitis. JAMA. 1982;247(5):639-641.
Kaups KL, Cohn SM, Nageris B,
Lavelle WG. Maxillary sinusitis in the
surgical intensive care unit: a study
using bedside sinus ultrasound. Am J
Otolaryngol. 1995;16(1):24-28.

Saw SM, Wong TY, Ting S,
Foong AW, Foster PJ. The relation-
ship between anterior chamber depth
and the presence of diabetes in the
Tanjong Pagar Survey. Am J Ophthal-
mol. 2007;144(2):325-326.

Discolo CM, Byrd MC, Bates T,
Hazony D, Lewandowski J, Koltai PJ.
Ultrasonic detection of middle ear
effusion: a preliminary study. Arch
Otolaryngol Head Neck Surg.
2004;130(12):1407-1410.
Whittingham TA. Medical diagnostic
applications and sources. Prog Bio-
phys Mol Biol.2007;93(1-3):84-110.

16.

17.

18.

19.

20.

21.

22.

S. Boet et al.

Le Gall JR, Neumann A, Hemery F,
Bleriot JP, Fulgencio JP, Garrigues B,
Gouzes C, Lepage E, Moine P,
Villers D. Mortality prediction using
SAPS II: an update for French inten-
sive care units. Crit Care. 2005;9(6):
R645-652.

Shapiro GG, Furukawa CT,
Pierson WE, Gilbertson E, Bierman
CW. Blinded comparison of maxillary
sinus radiography and ultrasound for
diagnosis of sinusitis. J Allergy Clin
Immunol. 1986;77(1 Pt 1):59-64.
Westergren V, Berg S, Lundgren J.
Ultrasonographic bedside evaluation of
maxillary sinus disease in mechani-
cally ventilated patients. Intensive
Care Med. 1997;23(4):393-398.

Rohr AS, Spector SL, Siegel SC,
Katz RM, Rachelefsky GS. Cor-
relation between A-mode ultrasound
and radiography in the diagnosis of
maxillary sinusitis. J Allergy Clin
Immunol. 1986;78(1 Pt 1):58-61.
Pfister R, Lutolf M, Schapowal A,
Glatte B, Schmitz M, Menz G.
Screening for sinus disease in patients
with asthma: a computed tomogra-
phy-controlled comparison of A-
mode ultrasonography and standard
radiography. J Allergy Clin Immunol.
1994;94(5):804-809.

Bachert C, Bertrand B, Daele J,
Jorissen M, Lefebvre R, Rombaux P,
Schmelzer B. Belgian guidelines for
the treatment of acute rhinosinusitis in
general practice. B-ENT. 2007;3(4):
175-177.

Becker SS, Russell PT, Duncavage
JA, Creech CB. Current issues in the
management of sinonasal methicillin-
resistant Staphylococcus aureus. Curr
Opin Otolaryngol Head Neck Surg.
2009;17(1):2-5.

Dr Sylvain Boet MD

St. Michael’s Haspital
Anesthesia department

30 Bond Street

Toronto, Ontario

M5B 1W8, Canada

Tel.: 416 864 6060 Ext: 5071



