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Abstract
Purpose  Severe Covid-19 pneumonia frequently presents with infective complications as bacterial and fungal infections, 
nosocomial maxillary sinusitis is one of them. We describe the role of ultrasonography in the diagnosis of nosocomial maxil-
lary sinusitis in patients undergoing mechanical ventilation due to severe Covid-19 pneumonia.
Methods  Patients with severe pneumonia due to Covid-19 requiring mechanical ventilation and had maxillary sinus occu-
pation by ultrasonography were retrospectively enrolled at intensive care unit of Sanatorio De los Arcos, Buenos Aires, 
Argentina, between March 2020 and May 2021.
Results  We evaluated a total of 171 patients with severe Covid-19 pneumonia requiring mechanical ventilation during 
the study period. We included 26 patients that had maxillary sinus occupation by ultrasonography (15.2%). Out of the 26 
patients, in 17 the diagnosis was confirmed by surgical drainage of the maxillary sinus with positive cultures with a positive 
predictive value of 85%. In 34.6% of the cases the maxillary sinus disease was unilateral and in 38.4% bilateral. A sinus 
computed tomography (CT) was performed in 30.7% of the patients. Most of the patients underwent to surgical drainage 
without a CT scan (66.7%).
Conclusions  Ultrasonography is a useful tool for the detection of maxillary sinus infection in patients with severe Covid-19 
pneumonia and avoids to perform a CT scan and, therefore, unnecessary transfers.
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Introduction

Secondary bacterial infections are important risk factors con-
tributing to the severity and mortality of Covid-19 patients. 
In Wuhan was reported 15% of secondary infections, with 
higher incidence among non-survivors [1]. Patients with 
severe Covid-19 pneumonia requiring mechanical ventila-
tion are more prone to develop nosocomial infections, as 
maxillary sinusitis [1–4]. The gold standard for maxillary 
sinus occupation is a sinus computed tomography (CT). The 

confirmed diagnosis of nosocomial maxillary sinus infection 
is bacterial growth in cultures or the presence of macro-
scopic pus during surgical drainage [3].

In order to perform a CT scan, the patient needs to be 
transfer outside the intensive care unit. Given that in-hospital 
transfers present frequent adverse effects (up to 71%) per-
forming a bedside diagnosis may be safer for patient care 
and reduce workload [4]. Also when the healthcare system 
reaches saturations, as in Covid-19 pandemic, strategy must 
be adjusted to fairly allocate scarce resources, in order to 
maximize the benefit of the greatest number of patients [5].

Ultrasonography showed to be a useful tool for the diag-
nosis of maxillary occupation with adequate levels of sen-
sitivity and specificity, in addition to its speed, safety, and 
reproducibility [6]. We describe our experience regarding 
the role of ultrasonography in the diagnosis of nosocomial 
maxillary sinusitis in patients undergoing mechanical ven-
tilation due to Covid-19 pneumonia.
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Materials and methods

We conducted a retrospective, single-center observational 
study in the intensive care unit of Sanatorio De Los Arcos 
(Buenos Aires, Argentina) from March 2020 to May 
2021. The study was conducted following the principles 
of the Helsinki Declaration and within the precautions 
established by ethical and legal standards, preserving the 
identity of patients and having obtained written informed 
consent of the participants for the use of their data.

We included all the adult patients diagnosed with 
Covid-19 pneumonia admitted to the intensive care unit 
with mechanical ventilation requirement with suspected 
infection and an image compatible with maxillary sinus 
occupation by ultrasonography.

Data collection

We collected the following variables from the electronic 
medical record: age, sex, comorbidities, APACHE II 
score, shock, days of mechanical ventilation, mortality, 
partial or total sinus occupation, unilateral or bilateral 
affection, fever, leukocytosis, CT scan sinus infection 
confirmation, surgical drainage requirement, and antibi-
otic treatment. We reviewed the stored ultrasonographic 
studies.

Ultrasonographic assessment

For the ultrasonographic evaluation, we used a Philips Envi-
sor HD or Sparq ultrasound machine (Philips Healthcare, 
MA, USA) with a phased array S2–4 transducer. We placed 
the probe in each upper maxillary bone pointing toward 
right. In normal conditions, the presence of air causes rever-
beration artifices such as parallel echoes. When the max-
illary sinus is fully occupied, we can observe its content 
(anechoic liquid) surrounded by hyperechoic sinus walls. 
Partial identification of the posterior wall is compatible with 
partial sinus occupation [2, 7] (Figs. 1, 2).

Protocol of study

We performed an ultrasonographic evaluation of both maxil-
lary sinuses in all patients with suspected maxillary sinusitis 
as a probable nosocomial infection source. In transferable 
patients, we requested a sinus CT scan. If the patient pre-
sented ultrasonographic sinus occupation, a surgical drain-
age was performed. The definitive diagnosis of maxillary 
sinusitis was confirmed when there was bacterial growth in 
cultures in the material obtained during surgical drainage.

Statistical analysis

The frequencies and distribution of the qualitative variables 
are expressed in absolute quantity and percentage, while 

Fig. 1   Image in B mode using a 
phased array transducer placed 
in the upper maxillary bone 
showing total occupation of the 
maxillary sinus. The anechoic 
liquid content allows the display 
of the hyperechoic maxillary 
sinus walls
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the quantitative variables are presented as mean ± standard 
deviations, or median and interquartile range, according to 
the observed characteristics of the distribution. The normal 
distribution of quantitative variables was analyzed with the 
Shapiro–Wilks test. As exploratory analysis we calculated 
the positive predictive value of ultrasonography for the diag-
nosis of nosocomial maxillary sinusitis.

Results

A total of 171 patients with severe Covid-19 pneumonia 
requiring mechanical ventilation were evaluated during the 
study period, 26 of them had maxillary sinus occupation 
diagnosed by ultrasonography (15.2%). Table 1 describes 
the demographic characteristic of the patients.

Fig. 2   Image in B mode using 
a phased array transducer 
placed in the upper maxillary 
bone showing partial occupa-
tion of the maxillary sinus. 
The anechoic liquid content 
only allows the display of the 
hyperechoic posterior portion of 
the maxillary sinus walls

Table 1   Demographic 
characteristics of patients 
included in the study

IQR interquartil range

Variables All (N = 26) Drained (N = 18) Not drained (N = 8)

Age (IQR) 59 (49–69) 56 (49–72) 67 (54–70)
Male gender 21 (80.7%) 14 (66.7%) 3 (33.3%)
Comorbilities
 Hypertension 17 (65.3%) 12(70.6%) 5 (29.4%)
 Dyslipemia 6 (23%) 5 (71.4%) 2 (28.6%)
 Diabetes 6 (23%) 4 (66.7%) 2 (33.3%)
 Obesity 8 (30.7%) 8 (100%) 0
 Ischemic heart disease 3 (11.5%) 1 (33.3%) 2 (66.7%)
 Atrial fibrillation 2 (7.6%) 0 2 (100%)
 Ex-smoker 5 (19.2%) 4 (80%) 1 (20%)
 Asthma 2 (7.6%) 2 (100)% 0

APACHE II score 14 ± 6 13.7 ± 6.6 14.6 ± 4.8
Shock 6 (23%) 4 (66.7%) 2 (33.3%)
Days on mechanical ventilation 24.1 ± 10.2 26.6 ± 9.6 21.2 ± 11.1
Mortality 7 (26.9%) 4 (57.1%) 3 (42.9%)
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In 38.4% of cases, the maxillary sinus occupation was 
total and unilateral, 26.9% partial and unilateral, and 
38.4% bilateral. We performed a sinus CT in 30.7% of 
the patients. Most of the patients underwent to surgical 
drainage without a CT scan (66.7%).

Of the 26 patients, 18 patients had surgical drainage. 
Among them, 17 patients presented bacterial growth in 
the cultures. The surgical drainage was not performed in 
8 patients. In the case of 1 patient, the care team decided 
to treat a different source of infection, 2 patients had 
coagulopathy and 3 patients were not within the goals of 
care; therefore these 6 patients were not included in the 
analysis for diagnostic accuracy. In the other 2 cases with 
partial occupation, sinusitis was ruled out by a CT scan 
with evidence of mucosal thickening. Among all surgical 
drainages, only 1 case of total affection of the maxillary 
sinus did not develop bacterial growth in culture. The 
positive predictive value of ultrasonography for the diag-
nosis of nosocomial maxillary sinusitis was 85% com-
pared to the gold standard of bacterial growth in cultures 
in the material obtained during surgical drainage. Patients 
with partial and unilateral sinus occupation had a positive 
predictive value of 75%, patients with total and unilateral 
occupation 85,7%, and those with bilateral occupation 
90%. Clinical and ultrasonographic characteristics are 
described in Tables 2 and 3. The most frequent germs 
involved were gram-negative bacilli followed by gram-
positive cocci. Isolated microorganisms are described in 
more detail in Table 4.

Discussion

The sinus CT scan is the gold standard for the evalua-
tion of maxillary sinus occupation. However, it requires 
to transfer critically ill patients, which has been shown to 
be associated with adverse effects and increased workload 
during the Covid-19 pandemic [4, 8, 9]. Ultrasonography 
is a useful tool for diagnosis and follow-up in the intensive 
care unit. It is safe, cost-effective, and can be performed at 
patient’s bedside. Hilbert et al. demonstrated a sensitivity 
of 100% and specificity of 96.7% for the diagnosis of max-
illary sinusitis in patients under mechanical ventilation 
[10]. Our study showed that CT scan was not essential for 
the confirmation of maxillary sinus occupation and conse-
quently surgical drainage in 66.7% of cases. In our study, 
the ultrasonography has a high positive predictive value 
(85%) for the diagnosis of maxillary nosocomial sinusitis, 
mainly when the occupation of the maxillary sinus is total 
or bilateral.

Table 2   Clinical and 
ultrasonographic characteristics 
of the patients

Variables All (N = 26) Drained (N = 18) Not drained (N = 8)

Total and unilateral affection 9 (34.6%) 7 (26.9%) 2 (7.7%)
Partial and unilateral affection 7 (26.9%) 2 (7.7%) 5 (19.2%)
Bilateral affection 10 (38.4%) 9 (34.6%) 1 (3.8%)
Confirmatory sinus CT 8 (30.7%) 6 (23%) 2 (7.7%)
Cause of suspicion
 Fever 18 (69.2%) 13 (50%) 5 (19.2%)
 Leukocytosis 11 (42.3%) 8 (30.7%) 3 (11.5%)
 Antibiotic treatment 23 (88.4%) 18 (69.2%) 5 (19.2%)

Table 3   Ultrasonographic characteristics of maxillary sinus and diag-
nosis

Variables Confirmed Discarded

Total and unilateral affection 6 (85.7%) 1 (14.3%)
Partial and unilateral affection 2 (75%) 1 (25%)
Bilateral affection 9 (90%) 1 (10%)

Table 4   Microorganisms 
isolated from affected maxillary 
sinuses

Gram-negative bacilli
 Pseudomonas 3
 Klebsiella 3
 Escherichia coli 2
 Enterobacter 2
 Acinetobacter 1

Gram-positive cocci
 Streptococcus 5
 Enterococcus 2
 Staphylococcus aureus 2
 Coagulase-negative 

Staphylococcus
1

Gram positive bacilli
 Corynebacterium 1
 Lactobacillus 1

Fungi
 Candida 2

Anaerobes
 Actinomyces 1
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In the context of a pandemic, being able to perform a 
bedside diagnosis of maxillary sinusitis, without exposing 
the patient to an in-hospital transfer, may be safer for patient 
care, lower work burden and cost-effective.

Our research has several limitations, mainly due to the 
retrospective design. We were not able to control confound-
ers, not all patients with an image of maxillary sinus occu-
pation by ultrasonography had a CT scan or were surgically 
drained, and it is a single center study. However, it is a novel 
method to assess maxillary sinusitis and all the ultrasono-
graphic studies were performed by the same operator, limit-
ing an interobserver variability.

Conclusion

According to our experience, ultrasonography is a useful 
tool for the diagnosis of nosocomial maxillary sinusitis in 
patients with severe Covid-19 pneumonia and may avoid 
unnecessary transfers in critically ill patients.
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