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Abstract

Objective: To describe the characteristics of patients with influenza A subtype H3N2 requiring ventilatory support during the 2017
outbreak, as well as the evolution of the disease and clinical results.

Materials and Methods: Retrospective cohort. We included all patients admitted to the Emergency Department with confirmed
diagnosis of H3N2 during June 2017, requiring invasive or noninvasive mechanical respiratory assistance, high-flow nasal cannula
treatment or continuous airway pressure.

Results: 34 patients were included; 52.9% men, mean age 81 years (Standard Deviation [SD] 10). Main comorbidities of patients on
admission were: 73.5% hypertension, 44.1% chronic obstructive pulmonary disease and 76.5% congestive heart failure. The mean
Charlson Index score was 6 (SD 2), the APACHE Il median (Acute Physiology and Chronic Health Evaluation 1) was 17 (IQR 14-20) and
the SOFA median (Sequential Organ Failure Assessment) on day 1 was 5 (IQR 3-7). On admission, 23 patients required noninvasive
ventilation, 5 continuous positive airway pressure, 4 invasive mechanical ventilation and 2 high-flow nasal cannula therapy. The rate
of noninvasive ventilation failure was 47.8% (95% CI [confidence interval] 26.8-69.4) and finally 38.2% of patients were intubated
and mechanically ventilated. Hospital mortality was 52.9% (95% Cl 35.1-70.2).

Conclusions: A high mortality rate was observed among elderly patients with comorbidities during the H3N2 outbreak. Most patients
underwent a noninvasive ventilation trial on admission, however a high percentage failed. The initial condition could have been inter-
preted as acute chronic obstructive pulmonary disease or congestive heart failure.
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Introduction

Influenza virus is a respiratory virus of great global relevance, responsible for pandemics and epidem-
ics with high mortality and morbidity!. During an epidemic, approximately 5-15% of the world popu-
lation are estimated to get infected, associated with roughly 3-5 million cases of severe disease and
between 290-650,000 cases of death?. Patients with history of chronic medical conditions (pulmonary
or cardiovascular diseases or diseases associated with immunosuppression) have 30 times higher risk
of hospitalization and death®. Currently, there are three known types of influenza virus: A, B and C.
The A type is the most virulent, and is divided in two more frequent subtypes that circulate among
humans, the HIN1 and H3N2%.

During the 2017 seasonal period, a strong predominance of subtype H3N2 was reported globally. This
virus was responsible for an increase in seasonal mortality, especially in adults older than 65 years5”.
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However, there are few reports of cases requiring ventilatory support in relation to this strain®%9°. Also,
almost all the literature published in Argentina about influenza A and mechanical ventilation is dedicated
to HIN11%13 and up to date there is not local evidence about the impact of the H3N2 seasonal outbreak.

Thus, our objective was to describe the characteristics of patients with influenza A subtype H3N2
requiring ventilatory support who consulted our hospital’s Emergency Department during the 2017
seasonal influenza outbreak, as well as their evolution and clinical results.

Materials and Methods

Study Design: Retrospective cohort.

Study Setting: The Adult Emergency Department (AED) of a high-complexity university hospi-
tal (third level). Every year, this hospital receives 2,950,000 consultations and has a hospitalization
capacity of 750 beds, 200 of which are for critical care. During the 06/01/2017- 06/30/2017 period,
there was a total of 3602 AED consultations, in the A area (shock room), the B area (general hospi-
talization) and the C area (medical offices), according to the decreasing level of complexity, with an
average of 120 a day.

Population: Consecutive sample of every patient treated in the AED of our hospital who required
some kind of ventilatory support (invasive or non-invasive ventilation) due to acute respiratory failure
(ARF) with confirmed influenza A subtype H3N2 between 06/01/2017 and 06/30/2017 inclusive.

Inclusion Criteria: The study included every patient older than 18 years during the June 2017
period with diagnosis of influenza A subtype H3N2 confirmed through polymerase chain reaction tech-
nique and requiring invasive or non-invasive ventilator support due to ARF. Data were extracted from
the electronic medical records (EMRs) and the electronic inter-consultation system of the respiratory
care staff of the AED.

Exclusion Criteria: Patients requiring ventilatory support for a non-respiratory cause. Patients in
which the polymerase chain reaction test was not performed or had negative results for the diagnosis
of viral infection. Error in the determination of laboratory tests regarding the virologic results.

Procedures Followed: At the AED we define the ARF requiring ventilatory support basing on
admission clinical signs: respiratory rate > 25 breaths/minute (r/min), oxygen saturation (SpO,)
< 90% breathing ambient air and increase in the work of breathing (WOB) evidenced by dyspnea,
retraction, use of breathing accessory muscles or diaphoresis despite starting conventional oxygen
therapy > 6 liters per minute (I/min)!*. We selected the kind of ventilatory support based on the type
of ARF. In cases of hypercapnic ARF we used non-invasive ventilation (NIV); in hypoxemic ARF due
to cardiogenic pulmonary edema we used continuous positive airway pressure (CPAP) or NIV and
in cases of hypoxemic ARF due to pneumonia or for comfort in cases of limitation of therapeutic
effort, we used high-flow nasal cannula therapy (HFNCT)!¢ 7. We consider NIV successful if the pa-
tient require escalation to another invasive or non-invasive method during the first 24 hours after
starting NIV treatment; and NIV is considered as a failure if the patient requires such escalation.
Ventilatory parameters were adjusted according to each patient in order to decrease the WOB and
prevent asynchronies. We considered the use of invasive mechanical respiratory assistance (IMRA) on
admission if the patient showed any contraindication for the use of non-invasive methods!®, or within
the first hour of using some non-invasive method if the patients developed: impaired consciousness,
hypotension despite adequate resuscitation, respiratory frequencies > 35 r/m or no decrease in com-
parison with respiratory frequency on admission, increase or no decrease in the WOB evidenced by
the use of respiratory muscles and the ventilatory mechanics, secretions that are difficult to manage,
decrease in pH or no improvement of the acid-base state, SpO, < 90% despite high FiO, (fraction
of inspired oxygen), PaO, (partial pressure of oxygen/ FiO, < 150". In cases of limitation of thera-
peutic effort, no invasive measures were taken. The diagnosis of congestive heart failure (CHF) was
interpreted according to the clinical criterion of the doctor in charge of the patient, and registered
by that term in the EMRs (Electronic Medical Records) or else according to diuretics requirement
during hospitalization. The diagnosis of acute chronic obstructive pulmonary disease (COPD) was
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made according to the clinical criterion of the doctor in charge basing on signs and symptoms the
moment it was presented and registered by that term in the electronic medical record. The signs
and symptoms of COPD exacerbation were: dyspnea, cough, tachypnea and increase in the amount
or quality of secretions. Ventilators used to apply IMV or NIV were: SERVO-i® SERVO-s® Maquet
Critical Care AB, Sweden; and the masks for NIV were: oronasal, PerformaTrak sizes M and L, or
full face masks, Performax sizes S, L and XL Respironics®, Philips, USA. For the HFNCT we used the
Airvo™2 Fisher & Paykel Healthcare Limited system, and for the CPAP, the Whisper Flow® CPAP
System Respironics Novametrix, LLC, USA.

Information was extracted by systematic review of the hospital’s EMRs done by AED researchers,
trained for that purpose. The hospital has a unique data repository system that integrates information
from all lab results together with clinical and administrative information. We registered clinical and
demographic information (sex and age) from each patient, as well as the evolution of his/her condition
and main comorbidities. Determination of the APACHE II score was based on lab results and clinical
findings within the first 24 hours after the patient’s admission to the AED. The Charlson Comorbidity
Index was used as summative score of the state of preexistent diseases. Nasopharyngeal smear was
tested for influenza using the multiplex polymerase chain reaction molecular amplification method with
analysis of amplification products through capillary electrophoresis in GENOMELAB GeXP (Beckman
Coulter). Respiratory co-infection was defined as positive bacterial isolate in the patient’s endotracheal
aspirate or sputum within three days after taking the respiratory virus panel®. All the patients received
antiviral treatment with oseltamivir on admission, and empiric antibiotic treatment was administered
to patients in critical care units, according to the recommendations of the guidelines of the Argentine
Society of infectious Diseases (SADI)?. If the patient had echocardiographic evidence of heart failure
with preserved ejection fraction and brain N-terminal pro-brain natriuretic peptide (NT-proBNP) of
more than 400 pg/mL?2, it was considered as diastolic cardiac dysfunction. The procalcitonine value
was considered as positive when it exceeded 0.25 ng/mL.

This study has been approved by the local Institutional Ethics Committee and was conducted taking
into account every consideration related to the protection of clinical investigation participants included
in the Declaration of Helsinki and in accordance with the Guide for Health-Related Research involving
Humans (Resolution 1480/11) of the Nation’s Ministry of Health. The study did not imply any kind of
risk for the patient, and all the information obtained from the EMRs was used by researchers in strict
confidentiality.

Statistical Analysis: To describe qualitative variables, we used absolute and relative frequen-
cies, reported as proportions, with their respective 95% confidence intervals. To describe quantitative
variables, we used the mean and standard deviation (SD) or median and interquartile range (IQR),
according to their distribution, tested with the modified Shapiro Wilk test. The statistical program we
used was software STATA version 14.

Results

A total of 34 patients were included in the study. The flow chart of patients with confirmed diagnosis
of influenza A subtype H3N2 during the seasonal outbreak of 2017 can be seen in Figure 1.

Most patients were male (52.94%), with a mean age of 81 years (SD 10). The mean Charlson score
was 6 (SD 2). Regarding the history of the patients, 15 had COPD (44.1%), 25 were hypertensive (73.5%)
and only 7 (20.1%) had received the influenza-virus vaccine in 2017.

On admission, 20 patients (58.8%) presented quickSOFA > 1. The APACHE II median at 24 hours
was 17 (IQR 14-20). The SOFA was 5 on day I (IQR 3-7) and 3 on day III (IQR 2-7). Twenty one patients
(61.8%) had procalcitonine > 0.25 ng/mL and 15 patients showed lactic acid > 2.5 mmol/L (44.1%). As
positive findings, 28 patients (90.32%) showed a transthoracic echocardiogram (TTE) with diastolic
cardiac dysfunction, the Pro-BNP was positive in 31 patients (91.2%), and 26 (76.5%) showed clinical
ICC or required diuretics. We detected consolidation in chest x-ray or tomography in 22 patients (64.7%).
Ninety one point two per cent of patients required short-lasting inhaled bronchodilators, and 29.4%
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Figure 1. Title: Flow Diagram
Abbreviations: AED: Adult Emergency Department; RC: Respiratory Care; RSV: respiratory syncytial virus.

(10/34) required vasopressor support. The demographic characteristics, clinical variables, laboratory
results and additional studies are shown in Table 1.

Most patients (23) used NIV on admission. Then, in order of frequency, CPAP (5), IMV (4) and
HFNCT (2). The mean required CPAP levels were 8.75 cmH20 (SD 1.44) with mean FiO, of 0.3 (SD
0.00), achieving a mean SpO,/FiO, of 322 (SD 11). Also, the HFNCT requirements were: median of 50
L/min (IQR 40-60) and mean FiO, of 0.38 (SD 0.08), achieving a mean SpO,/FiO, of 266 (SD 50). The
evolution of ventilatory requirements is shown in Figure 2.

However, 41.2% (14) of patients needed to escalate to other type of ventilatory support, registering
a NIV failure rate of 47.8% (95% CI 26.8-69.4). Table 2 shows the ventilatory settings of patients with
NIV, differentiated between those who failed and those who succeeded.

Finally, 13 patients received IMV (38.2%) with a median of duration of 4 days (IQR 2-7). Table 3
shows detailed ventilatory settings received on day 1, on day 3 and on the day of the patient’s death.

The median of AED length of stay was 2 days (IQR 1-3) and the mean length of hospital stay was
9.6 days (SD 6.2). Seven patients had to be referred to the Critical Care Unit (20.6% 95% CI 8.7-37.9).
Global in-patient mortality was 18/34 (52.9% 95% CI 35.1-70.2), however, 14/34 (41.2%) patients had
some degree of limitation of therapeutic effort.

Discussion

Most participants were elderly patients. Previous studies also observed a prevalence of H3N2 in pa-
tients older than 65 years? 24 The vaccine is less effective in this age group, that is why it is the most
affected by complications related to seasonal influenza® 5. Also, our mean Charlson score exceeds 5
points, reflecting a death probability per year of more than 85%%.
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TABLE 1. Demographic and clinical characteristics and laboratory results of patients with influenza

A subtype H3N2 at the AED

qSOFA > 1

Variables Results
N =34
Masculine gender, n (%) 18 (52.9)
Age in years, mean value (SD) 81 (10)
Charlson score, mean value (SD) 6(2)
Comorbidities, n (%)
COPD 15 (44.1)
AHT 25(73.5)
Congestive heart failure 26 (76.5)
Smoking habit 4(11.8)
Asthma 2(5.9)
2017 influenza-virus vaccine, n (%) 7 (20.6)
Scores
APACHE II, median (IQR) 17 (14-20)
Day | SOFA (n = 33), median (IQR) 5(3-7)
Day Il SOFA (n = 31), median (IQR) 3(2-7)

20 (58.8%)

Laboratory tests on admission
White blood cells (U/mm?), median (IQR)
Lactic acid > 2.5 mmol/L, n (%)
Positive NT-proBNP (pg/mL), n (%)
Procalcitonine > 0.25 ng/mL, n (%)
PvCO, (mmHg), median (IQR)
PvO, (mmHg), median (IQR)

10803 (6236-13189)
15 (44.1%)
31(91.2%)

21(61.8)
48.6 (40.9-55)
77.2 (67-83.1)

Additional tests
Positive bacterial isolate, n (%)
Consolidation in chest Rx or CAT, n (%)
TTE with diastolic dysfunction, n (%)

5(14.7)
22 (64.7)
28 (90.3)

Abbreviations: APACHE: Acute Physiology and Chronic Health Evaluation; ECMO: extracorporeal membrane oxygen-
ation; COPD: chronic obstructive pulmonary disease; TTE: Transthoracic Echocardiography; AHT. arterial hypertension;
NT-proBNP: brain N-terminal pro-brain natriuretic peptide; PO,: pressure of oxygen in venous blood; PvCO,: pressure
of carbon dioxide in venous blood; gSOFA: quickSOFA; Rx: Radiograph; SOFA: Sequential Organ Failure Assesment;
CAT: Computerized Axial Tomography.

H3N2
(n=34)
1
Y v v v
CAP NIV HFNCT IMRA
(n=5) (n=23) (n=2) (n=4)
v v v
Failure Failure Failure
(n=1) (n=11) (n=1)
[ W, TR v
IMRA
= <2h >2h NIV
(n=1) 5 8 (n=1)
|
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(n=2) (n=3)
IMRA
(n=6)

Figure 2. Evolution of ventilatory support requirement

Abbreviations: IMV: Invasive Mechanical; NIV: Noninvasive Ventilation; CPAP: Continuous Positive
Airway Pressure; HFNCT. High-Flow Nasal Cannula Therapy.
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TABLE 2. Characteristics of ventilator settings in patients with influenza A subtype H3N2 requiring
noninvasive ventilation at the AED

Variables Global NIV NIV success NIV failure
N =24 N=12 N=11

Ventilatory mode, n (%)

PCV 16 (76.2%) 7 (63.6%) 8(88.9%)

PSV 5 (23.8%) 4 (36.4%) 1(11.1%)

No data 3 (n/a) 1(n/a) 2 (n/a)
Ip/Sp (cmH,0), median (IQR) 9.0 (2.3) 9.0 (1.9) 9(2.8)
PEEP (cmH,0), median (IQR) 6.5(1.2) 6.7 (1.2) 6.1(1.3)
FiO,, median (IQR) 0.4 (0.1) 0.3(0.1) 0.4 (0.1)
Srr (r/min), median (IQR) 27 (7) 25 (6) 29 (8)
Tv (ml/kg), median (IQR) 10.0 (2.1) 10.2 (2.3) 10.1 (1.8)
SpO,/Fi0,, median (IQR) 280.3 (77.5) 304.8 (66.0) 258.3 (86.9)

SpO,/Fi0,< 315, n (%) 13(61.9) 6 (54.5) 7 (63.6)

SpO,/Fi0,< 235, n (%) 6 (28.6) 1(9.1) 5(45.5)

Abbreviations: FiO,: Fraction of Inspired Oxygen; Srr: Spontaneous Respiratory Rate expressed in breaths per minute;
n/a: not applicable; PCV: Pressure-Controlled Ventilation; PEEP: Positive-End Expiratory Pressure; Ip: Inspiratory Pres-
sure expressed in water centimeters; Sp: Support Pressure; PSV: Pressure Support Ventilation; SpO,/FiO,: relationship
between oxygen saturation and the FiO,; Tv: Tidal Volume expressed in milliliters/kilogram of ideal body weight.

TABLE 3. Characteristics of the ventilatory settings of patients with influenza A subtype H3N2
requiring invasive mechanical respiratory assistance at the AED on day 1, on day 3 and on the

day of the patient’s death

Variables Day 1 Day 3 Day of death
N =13 N=8 N =14

Ventilatory mode, n (%)

PCV 3 (25%) 4 (50%) 1(25%)

VCV 9 (75%) 1(12.5%) 1(11.1%)

PSV 0 (0.0%) 3(37.5%) 2 (n/a)

No data 1(n/a) 0 (n/a) 0 (n/a)
Tv (ml/kg), median (IQR) 8.1(0.8) 7.9(0.9) 7.5(1.5)
Ppl (cmH,0), median (IQR) 16.5(4.9) 13 (0.0) n/a
PEEP (cmH,0), median (IQR) 7.1(2.3) 6.1(1.0) 8(2.8)
AP (cmH,0), median (IQR) 8.5(3.4) 5.3(0.0) 13(0.0)
Crs (mL/cmH,0), median (IQR) 60.6 (17.3) 94.3 (0.0) 40 (0.0)
Rr (r/min), median (IQR) 18 (4) 19 (3) 24 (6)
Raw (cmH,0O/L/sec) 17.9 (4.2) 20.9 (0.0) n/a
FiO,, median (IIC) 0.5(0.2) 0.3(0.1) 0.5 (0.3)
SpO,/FiO,, median (IQR) 280.3 (77.5) 308.3 (71.2) 161 (63.7)

SpO,/Fi0,< 315, n (%) 10 (76.9) 2 (25) 3(75)

SpO,/Fi0,< 235, n (%) 8(61.5) 1(12.5) 3(75)

Abbreviations: Crs: Compliance of the Respiratory System expressed in mililiters/water centimeters; AP: Driving Pressure;
FiO,: Fraction of Inspired Oxygen; Rr: Respiratory Rate expressed in breaths per minute; n/a: not applicable; PEEP:
Positive-End Expiratory Pressure; Ppl: Plateau Pressure expressed in water centimeters; PCV: Pressure-Controlled
Ventilation; PSV: Pressure Support Ventilation; Raw: Airway Resistance expressed in water centimeters/liter/second;
SpO,/FiO,: relationship between oxygen saturation and the FiO,; VCV: Volume-Controlled Ventilation; Tv: Tidal Volume
expressed in milliliters/kilogram of ideal body weight.
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Nearly all patients of our study required bronchodilators on admission. Airway resistance documented
in patients receiving IMV was 4 times higher than the normal value. The influenza virus affects the
respiratory epithelium from the nostrils to the bronchioles. The obstructive component associated with
the infection in the airway might have had an important role on the onset of the ARF. We also observed
a great number of patients with history of COPD, who have a more severe influenza infection, as has
been previously described?.

Some authors explain that subtype HIN1 infects pneumocytes and intra-alveolar macrophages, caus-
ing greater alveolar dysfunction and, thus, greater development of acute respiratory distress syndrome
(ARDS) and more severe conditions, even shock and multi organ failure!® ?*. Due to the differences
between subtypes HIN1 and H3N2 regarding physiopathology, clinical presentation, age group and
severity, we think is not proper to make comparisons between the types of ventilatory support require-
ments used in our study and those with HIN1!%2326.27 " Even though most patients in our study were
critically ill, proven by the high severity of the disease evidenced by the APACHE II median of 17, only
29.4% required vasopressor support. Also, our population doesn’t meet all the Berlin criteria®. Nearly
all the patients had diastolic cardiac dysfunction evidenced by TTE. Since we didn’t have the PaO,/
FiO, values on admission, we used the correspondence described by Rice et al for the SpO,/FiO,* val-
ues. Sixty one point nine per cent of patients receiving non-invasive ventilation had SpO,/FiO, < 315
and only 28.6% showed < 235 values, so we didn’t consider it as a severe hypoxic respiratory failure.

According to current evidence on the use of NIV, it is not possible to make a recommendation in
favor or against its use in cases of viral disease. Taking into account existing observational studies,
most consider it reasonable to conduct a test with NIV in selected patients of experienced centers.
Most patients underwent a NIV cycle at the beginning of the study. We understand it was related to the
initial diagnosis of acute COPD or CHE, since the results of the viral panel by polymerase chain reac-
tion took 5 days to be ready. We observed a high percentage of NIV failure. We think that the resistive
component associated with airway inflammation due to the H3N2 infection was responsible for such
failure. Also, the NIV applied to our patients may have increased the injury produced by mechanical
ventilation by increasing tidal volumes exceeding 9 milimeters/kilogram (mL/kg) of ideal body weight.!¢
Probably the HFNCT could have been useful for reducing the resistive work without generating an
injuring tidal volume (Tv), with more comfort for the patients.?® The two cases of bronchopneumonia
by influenza A H3N2 reported by Doi et al were patients that met the ARDS criteria, who required
IMV for less than 6 days and did not show bacterial, viral or fungal co-infection.? The cases published
by Collins et al and Shenoy et al describe an infection by H3N2 requiring IMRA in another age group,
with ARDS, shock and co-infection® 8. Unlike the published bibliography (57.6%), in our study there
was low frequency of confirmed co-infection (14.7%)%. All the patients in our study received antibiotic
treatment because they showed sepsis criteria: gSOFA > 1, positive procalcitonine and presence of
consolidations in chest Rx or tomography.

Pneumonia mortality rates due to seasonal influenza are high, between 30 to 50%, depending on the
existence or lack of ventilatory support and evolution to ARDSY. In our study, mortality was higher
than 50%. However, we have to take into account the fact that it was an elderly, comorbid population,
and a high percentage of patients had some degree of limitation of the therapeutic effort.

As health professionals of the emergency area, we are usually the first ones to treat patients with
influenza. So, it is very important for us to have access to the most recent and relevant evidence when
making decisions about the treatment of this disease*. Since there is little information about the type
of ventilatory support for patients with H3N2, we believe our study has several strengths. First, it ad-
dresses the management of patients with ARF caused by influenza H3N2 at the emergency department,
an area of knowledge where there’s still room for improvement. On the other hand, it is a homogeneous
cohort of patients regarding age group, comorbidities, influenza virus subtype and ventilatory support
requirements. Lastly, we provide data about the ventilatory setting used in each case.

Limitations of this study include the retrospective analysis of clinical data of a small number of sub-
jects treated in only one health center and during a short period of time, limiting the generalization
of our findings. Another limitation was the lack of data about FiO, or values of gases in arterial blood
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before the beginning of the treatment. Finally, the Tv ml/kg with NIV were excessive and an injury as-
sociated with mechanical ventilation may have been implicated. However, we are working in the design
of a prospective study in order to evaluate the efficacy of HFNCT in patients with viral pneumonia.

To conclude, this H3N2 seasonal outbreak showed a high mortality rate in a predominantly elderly
and comorbid population. Most patients conducted a NIV trial at the beginning of the study, which
showed a high failure rate. The reason may have been the initial interpretation of the condition as
acute COPD or CHE.
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