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Abstract

BACKGROUND

Patients with cancer have several risk factors for developing respiratory failure
requiring mechanical ventilation (MV). The emergence of multidrug resistant
bacteria (MDRB) has become a public health problem, creating a new burden on

medical care in hospitals, particularly for patients admitted to the intensive care
unit (ICU).

AIM
To describe risk factors for ventilator-acquired pneumonia (VAP) in patients with
cancer and to evaluate the impact of MDRB.

METHODS

A retrospective study was performed from January 2016 to December 2018 at a
cancer referral center in Mexico City, which included all patients who were
admitted to the ICU and required MV = 48 h. They were classified as those who
developed VAP versus those who did not; pathogens isolated, including MDRB.
Clinical evolution at 60-d was assessed. Descriptive analysis was carried out;
comparison was performed between VAP vs non-VAP and MDRB vs non-MDRB.

RESULTS

Two hundred sixty-three patients were included in the study; mean age was 51.9
years; 52.1% were male; 68.4% had solid tumors. There were 32 episodes of VAP
with a rate of 12.2%; 11.5 episodes/1000 ventilation-days. The most frequent
bacteria isolated were the following: Klebsiella spp. [n =9, four were Extended-
Spectrum Beta-Lactamase (ESBL) producers, one was Carbapenem-resistant (CR)];
Escherichia coli (n = 5, one was ESBL), and Pseudomonas aeruginosa (n = 8, two were
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CR). One Methicillin-susceptible Staphylococcus aureus was identified. In
multivariate analysis, the sole risk factor associated for VAP was length of ICU
stay (OR =1.1; 95%Cl: 1.03-1.17; P = 0.003). Sixty-day mortality was 53% in VAP
and 43% without VAP (P = 0.342). There was not higher mortality in those
patients with MDRB.

CONCLUSION

This study highlights the high percentage of Gram-negative bacteria, which
allows the initiation of empiric antibiotic coverage for these pathogens. In this
retrospective, single center, observational study, MDRB VAP was not directly
linked to increased mortality at 60 days.

Key words: Ventilator-associated pneumonia; Cancer; Multidrug resistance bacteria;
Mortality; Intensive care unit; Mechanical ventilation

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the risk factors for ventilator-associated
pneumoniae (VAP) in patients with cancer who are admitted at an intensive care unit and
require mechanical ventilation for > 48 h. We emphasized in microbiology etiology,
particularly multidrug resistant bacteria (MDRB). We included 263 patients during 2 year-
period; 32 developed VAP, with a rate of 11.5 episodes/1000 ventilation-days. Gram-
negative bacteria were isolated in 95% of cases, being the rate of MDRB 24.1%. Sixty-day
mortality was 53% in VAP and 43% without VAP. There was not higher mortality in
patients with MDRB.

Citation: Cornejo-Juérez P, Gonzalez-Oros I, Mota-Castafieda P, Vilar-Compte D, Volkow-
Fernandez P. Ventilator-associated pneumonia in patients with cancer: Impact of multidrug
resistant bacteria. World J Crit Care Med 2020; 9(3): 43-53

URL: https://www.wjgnet.com/2220-3141/full/v9/i3/43.htm

DOI: https://dx.doi.org/10.5492/wjccm.v9.i3.43

INTRODUCTION

The prognosis of malignancies has improved during recent decades, with an increase
in overall survivall'. However, patients with cancer have elevated risks of infections
and potential complications related with treatment, particularly chemotherapy, central
lines, extensive surgeries, and other factors that lead to higher morbidity and
mortality”. Likewise, patients with cancer have several risk factors for developing
respiratory failure related to infectious and non-infectious processes, such as
pneumonia, lung thrombosis, sepsis, transfusion-related acute lung injury (TRALI),
and lung edemal'l. Therefore, these patients sometimes require support with
mechanical ventilation (MV) and admission to the intensive care unit (ICU). The
development of Ventilator-Associated Pneumonia (VAP) is the most frequent ICU-
acquired infection, occurring in 25%-30% of patients intubated for > 48 h, with an
incremental proportional risk within the first 14 d of ventilation. The estimated
incidence of VAP range from 2-16 episodes per 1000 ventilator-days®l. On the other
hand, the emergence of multidrug resistant bacteria (MDRB) has become a public
health problem, creating a new burden on medical care in hospitals, particularly for
patients admitted to ICU".

The aim of this study was to describe the clinical characteristics, local pathogens
included MDRB, risk factors, and outcomes in patients with cancer who develop VAP.

MATERIALS AND METHODS

We conducted a retrospective analysis of all patients admitted to the ICU who
required MV for > 48 h at the Instituto Nacional de Cancerologia (INCan), a cancer
referral center in Mexico City, from January 1% 2016 to December 31+, 2018.
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Demographic and clinical data were recorded from the clinical electronic charts of
the patients and included the following age; sex; body mass index (BMI); type of
neoplasm; current status of cancer (recent diagnosis; complete or partial remission,
progression, or relapse); Charlson Comorbidity Index; history of chemotherapy,
radiotherapy, biologic drugs, recent hospitalization, or antimicrobials used (during the
last 3 mo); Sequential Organ Failure Assessment score (SOFA) and Acute Physiology
Age Chronic Health Evaluation (APACHE) II at ICU admission; indication for and
days of MV; tracheostomy; bronchial culture or bronchioalveolar lavage; diagnosis of
VAP; bacteria isolated that were classified as susceptible, MDRB, or extreme drug-
resistant (XDR) bacteria; type and number of days of antimicrobials; length of
hospitalization, length of ICU stay, and 60-d outcome.

Pneumonia was clinically suspected on the presence of new and/or progressive
pulmonary infiltrates in a chest X-ray, along with two of the following criteria:
Hyperthermia (= 38 °C) or hypothermia (< 36 °C); leukocytosis (= 12000/ mL) or
leucopenia (< 4000/ mL), and purulent pulmonary secretions!*l.

VAP was defined as pneumonia in a patient on mechanical ventilation for > 2
calendar days on the day of event, with day of ventilator placement being Day 1 and
the ventilator was in place on the date of event of the day beforel’. In those patients
who were admitted to the ICU with pre-existing pneumonia, the clinical worsening,
and/or the appearance of new clinical data compatible with pneumonia criteria were
considered to be redefined as VAP.

Endotracheal aspirate or sputum cultures together with blood cultures were
performed on day one the ICU stay and later in the case of clinical deterioration or
suspected pneumonia. Bronchial samples were taken by sterile aspiration through the
endotracheal tube and inoculated on blood, MacConkey, Sabouraud, and chocolate
agar. Bacterial identification was performed by Mass Spectrometry Especially Matrix-
Assisted Laser Desorption and Ionization -Time of Flight- Mass Spectrometry
(MALDI-TOF-MS; Microflex, United States). Antimicrobial susceptibility testing was
performed by means of BD Automated Phoenix™ (United States) and by the Kirby-
Bauer disk diffusion technique in the case of resistant strains (Clinical Laboratory
Standards Institute. Microbiological data were collected from the patient’s electronic
clinical chart and from Microbiology Laboratory data including cultures from the
lower respiratory tract (sputum, tracheal, bronchial aspirate, or bronchioalveolar
lavage). Polymicrobial pneumonia was defined when more than one pathogen was
identified. The presence of MDR/XDR pathogens was recorded and defined according
to Magiorakos criteria"’l.

Primary outcome was VAP development. Secondary outcome was clinical evolution
at 60-d.

Statistical analysis

Descriptive analysis was carried out with mean + SD or median [Interquartile range
(IQR)]. The student t-test or the Mann-Whitney U test were used to compare
continuous variables as appropriate. The ¥? or Fisher exact test was utilized to compare
categorical variables. Variables with P values of < 0.3 in the univariate analysis were
included in the multivariate analysis. A logistic regression model was performed for
risk factors associated with VAP and for 60-day mortality. OR with 95%CI were
calculated. P values of < 0.05 were considered statistically significant. Data was
analyzed using STATA (ver. 14) software. The study was approved by the INCan
Institutional Review Board (REF/INCAN/CI/0922/2019).

RESULTS

Patient characteristics
During the study period, 736 patients were admitted to the ICU: 345 patients required
MUV for less than 48 h and 128 did not require intubation; 263 patients were included.
Mean age was 51.9 + 17.8 years; 188 (68.4%) were patients with solid tumors and there
were 88 (31.8%) with hematologic malignancies; 123 (46.8%) were in cancer
progression or relapse; eight patients had two different neoplasms. Other
demographic and clinical data are shown in Table 1.

The main cause for MV was septic shock (n = 91, 34.6%), followed by post-surgical
procedure (n = 42, 16%), pneumonia (n = 38, 14.5%), and hypovolemic shock (n = 37,
14.1%). The median length of MV was 8 d (IQR 4, 12 d).
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Table 1 Clinical and demographic characteristics of all patients with mechanical ventilation during the study period (n = 263)

Characteristics, n (%) Total (n = 263) VAP (n =32) Non-VAP (n =231) P value
Age (yr)" 51.9+17.8 49+19.7 523+17.5 0.329
Gender- Masculine 137 (52.1) 16 (50) 110 (47.6) 0.800
Body mass index' 26.2+5.6 249+45 26.4+57 0.188
Solid tumor” 188 (68.1) 25 (67.6) 163 (68.2) 0.938
Cervical 21 (7.6) 2(5.4) 19 (7.9) 0.749
Head and neck 21 (7.6) 3(8.1) 18 (7.5) 1
Colon-rectum 20 (7.2) 1(27) 19 (7.9) 0.492
Breast 18 (6.5) 2(5.4) 16 (6.7) 1
Germinal 15 (5.4) 2(5.4) 13 (5.4) 1
Esophagus-stomach 14 (5.1) 3(8.1) 11 (4.6) 0.399
Sarcoma 13 (4.7) 2(5.4) 11 (4.6) 0.688
Ovarian 10 (3.6) 1.7) 9(3.8) 1
Lung 10 (3.6) 1(27) 9(3.8) 1
Prostate 9(3.3) 2(5.4) 7(2.9) 0.348
Liver and bile ducts 9(3.3) 1(7) 8 (3.3) 1
Pancreas 7 (2.5) 1.7) 6 (2.5) 1
Kidney and bladder 5(1.8) 2(5.4) 3(1.3) 0.136
Other 16 (5.8) 2(5.4) 14 (5.9) 1
Hematological malignancies” 88 (31.9) 12 (32.4) 76 (31.8) 0.938
Lymphoblastic leukemia 26 (9.4) 3(8.1) 23 (9.6) 1
Myeloid leukemia 12 (4.3) 3(8.1) 9(3.8) 0.207
Non-Hodgkin lymphoma 25(9.1) 2(54) 23 (9.6) 0.548
Hodgkin lymphoma 4(1.5) 1.7) 3(1.2) 0.439
Multiple myeloma 14 (5.1) 2(54) 12 (5) 1
Other’ 7 (2.5) 1(27) 6(2.5) 1

Cancer stage

Recent diagnosis 117 (44.5) 11(34.4) 105 (45.4) 0.236
Progression 93 (35.4) 16 (50) 78 (33.8) 0.07
Relapse 30 (11.4) 2(6.2) 28 (12.1) 0.551
Partial remission 21 (8) 2(6.2) 19 (8.2) 1
Complete remission 2(0.7) 1(3.1) 1(04) 0.228
Chemotherapy within 3 mo 99 (37.6) 16 (50) 83 (35.9) 0.123
Radiotherapy during the previous 6 mo 23 (8.7) 3 (94) 20 (8.7) 0.749
Biologic antineoplastic drugs 22 (8.4) 6 (18.8) 16 (6.9) 0.155
Charlson index 3(2,5) 3(2,5) 3(2,5) 1
Hospital admission within 3-mo period 75 (28.5) 5(15.6) 70 (30.3) 0.09
Days of recent hospitalization® 7 (4,12) 5(4,9) 7 (4,12) 0.544
Recent broad antimicrobials 36 (13.7) 1(3.1) 35 (15.1) 0.09
"Median + SD.

Percentage was obtained from 276 patients because 13 patients had two different neoplasms (5 in VAP group and 8 in Non-VAP).

3Four had myelodysplastic syndrome, three had chronic leukemia.
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#*Median (Interquartile range). VAP: Ventilator-associated pneumonia.
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Risk factors for VAP

There were 32 episodes of VAP; the rate was 12.2%, with an incidence of 11.5
episodes/1000 ventilation-days. Mean days of MV until VAP diagnosis was 13.1 + 8.8.
d (Table 2).

There was a statistically significant difference between median length of ICU stay in
patients with VAP (18 d; IQR 9, 27) vs those without VAP (8 d; IQR 5, 12; P < 0.001).
Also, there was a difference in median length of hospitalization (32 d for VAP; IQR 22,
57 d vs 21 d for non-VAP; IQR 14, 32; P < 0.001). Mean duration of MV was
significantly longer in those who developed VAP (16 d; IQR 9, 27) vs those who did
not (7 d; IQR 4, 11; P < 0.001). Data is shown in Table 2.

There were no differences between age, gender, solid or hematological neoplasm,
recent chemotherapy, progression or relapse in those who developed VAP vs those
who did not. The uni- and multivariate analysis is point in Table 3.

Pathogens
There were 42 bacteria identified in patients with VAP. In 16 (50%), only one pathogen
was isolated, 11 were polymicrobial (seven cultures with two different pathogens, four
with three), and five cultures were negative. The most frequent bacteria isolated were
as follows: Klebsiella spp. (n =9, 21.4%), four (44.4%) were Extended-Spectrum Beta-
Lactamases (ESBL) producers, and one (11.1%) was Carbapenem-resistant (CR);
Escherichia coli (n = 5,11.9%), one (25%) was ESBL producer; Pseudomonas aeruginosa (n
=8,19%), two (25%) were CR; and Enterobacter spp. (n = 6, 14.3%), among which none
was resistant. There were two Gram-positive bacteria identified: one Enterococcus
faecalis and one Methicillin-susceptible Staphylococcus aureus (MSSA) (Figure 1). The
rate of MDRB was 24%. There were no differences when comparing MDRB vs
susceptible, length of hospitalization, previous antibiotics, or days of MV. Patients
with MDRB had a longer stay at the ICU (14.1 + 11 d) vs patients with susceptible
bacteria (10.1 £ 7.8 d; P = 0.02).

Patients who developed VAP more frequently received cephalosporins,
carbapenems, Tazobactam/Piperacillin, Vancomycin, and fluoroquinolones;
furthermore, the period of administration of carbapenems was longer (Table 4).

Risk factors for VAP

Univariate analysis comparing patients with VAP vs non-VAP revealed that
tracheostomy and re-intubation were more frequent in VAP (27.9% vs 6.6%; P < 0.001,
and 28% vs 10.6%; P = 0.03, respectively). Median length of hospitalization was longer
for VAP vs non-VAP (32 d; IQR 21, 57 d vs 21 d vs IQR 14, 32; P < 0.001), in addition,
the median length of ICU stay was 18 d (IQR 9, 27 vs 8 d vs IQR 5, 12; P < 0.001), and
median days of MV was VAP 16 d (IQR 9, 27 vs non-VAP 7 d; IQR 4, 11; P < 0.001). In
multivariate analysis, only length of ICU stay was found statistically significant (OR =
1.11; 95%CI: 1.06-1.17; P < 0.001)( Table 3).

Risk factors for mortality

One hundred sixteen patients (44.1%) died during the first 60 d: 17 (53%) with VAP vs
99 (43%) without VAP (P = 0.342). No differences were found between hematologic
patients (n = 42, 47.7%), vs those with solid tumors (n = 74, 42.3%; P = 0.401). There
was no difference in outcome in patients with MDRB (P = 1). Univariate and
multivariate analysis demonstrated that a recent history of chemotherapy (OR = 2.16;
95%CI: 1.24-3.76) and tracheostomy (OR = 2.52; 95%Cl: 1.24-5.13) were predictive risk
factors for 60-d mortality (Table 5).

DISCUSSION

This study sought to describe the characteristics of patients with cancer admitted to
the ICU who required MV and developed VAP, analyzing risk factors for 60-d
mortality.

It is important to note that almost two thirds of the patients had a solid tumor and
one third had received chemotherapy within the last 3 mo. It is relevant to highlight
that 46.8% of patients were on cancer relapse or progression, because policies in our
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Table 2 Clinical data related with current hospitalization and mechanical ventilation (n = 263)

Characteristic — n (%) Total (n = 263) VAP (n =32) Non-VAP (n = 231) P value
Length of hospitalization (d)" 22 (14, 34) 32 (22,57) 21 (14, 32) 0.0001
Length of ICU stay (d)" 8(5,13) 18 (9, 27) 8(5,12) <0.0001
Causes for MV

Septic shock 91 (34.6) 10 (31.3) 81 (35) 0.843
Post-surgical procedure 42 (16) 8 (25) 34 (14.7) 0.193
Respiratory failure secondary to pneumonia 37 (14) 3(94) 34 (14.7) 0.589
Hypovolemic shock 37 (14) 8 (25) 29 (12.5) 0.09
Neurologic cause 13 (4.9) 0 13 (5.6) N/A
Lung tumor activity 7(2.7) 13.1) 6(2.6) 0.601
Post-CPR 7(2.7) 1(3.1) 6 (2.6) 0.601
Acute pulmonary edema 6(2.3) 0 6 (2.6) N/A
Malignant central airway obstruction 5(1.9) 0 5(2.2) N/A
Cardiac failure 3(1.1) 1(3.1) 2(0.8) 0.323
Bronchospasm 2(0.8) 0 2(0.8) N/A
Pulmonary embolism 2(0.8) 0 2(0.8) N/A
TRALI 1(0.4) 0 1(0.4) N/A
Other causes 10 (3.8) 0 10 (4.3) N/A
SOFA at ICU admission” 83+34 87+28 83+3.4 0.477
Days of mechanical ventilation' 8(4,12) 16 (9, 27) 7 (4,11) <0.0001
Tracheostomy 68 (25.9) 19 (59.4) 49 (21.2) <0.0001
Re-intubation 27 (10.3) 7 (21.9) 20 (8.7) 0.03
Mortality at 60 d 116 (44.1) 9(28.1) 72 (31.7) 0.839

!Median (Interquartile range).
“mean + SD. CPR: Cardiopulmonary resuscitation; N/ A: Not applicable; TRALI: Transfusion-related acute lung injury; ICU: Intensive care unit; SOFA:

Sequential Organ Failure Assessment score; MV: Mechanical ventilation; VAP: Ventilator-associated pneumonia.

hospital include the admission at the ICU of patients who have an expectation of
survival more than 3 mo, an adequate functional state, and if they are receiving the
first or second line of neoplastic treatment even if they are not in remission. Regarding
the risk factors analyzed in relation to cancer such as solid tumor vs hematological,
clinical stage of cancer, or recent chemotherapy, there was no relationship with the
development of VAP. The median of Charlson Comorbidity Index was 3 for the whole
group, that corresponds to one-year mortality rate of 52%. SOFA index was less than
10 in all patients, without differences between VAP vs non-VAP, that indicates
between one or two organ failures, and a mortality percentage between 10% and 25%.

The incidence of VAP varies among different series, the latter related to the
characteristics of ICU and type of hospitals, and ranges between 2.1 and 24.5
cases/1000 ventilator-days!“'".. Specifically, a study performed in patients with cancer,
VAP was reported in 42/1000 ventilator-days!''l. The incidence we found in this study
was 12.2% and 11.5 cases/1000 ventilator-days, lower than those reported in these
previous studies!*!l.

VAP is associated with longer hospital and ICU stays, higher hospital-related costs,
and greater in-hospital mortality!’. We also described longer ICU and hospital stays
and more days of MV in patients with VAP, more often requiring tracheostomy and
re-intubation. These findings would be explained by effect-cause bias, because patients
with VAP are patients who are more difficult to extubate, they require a tracheostomy
more frequently, more days of antibiotics, and this leads to more days of
hospitalization. An important finding in this study was that patients with VAP more
frequently received broad-spectrum antibiotics (particularly cephalosporins,
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Table 3 Univariate and multivariate analysis for ventilator-associated pneumonia in patients with mechanical ventilation (n = 263)

Univariate Multivariate
Characteristics
NAV(n=32)  No-NAV (n=231) Pvalue  OR Pvalue
Female 16 (50) 121 (52.4) 0.8 -
Male 16 (50) 110 (47.6)
Age <60 yr 21 (65.6) 134 (58) 0.411 -
Age > 60 yr 11 (34.4) 97 (42)
Solid tumor 12 (37.5) 76 (32.9) 0.605 -
Hematologic malignancy 20 (62.5) 155 (67.1)
Recent diagnosis, complete or partial remission 14 (43.8) 125 (54.1) 0.271 1 0.541
Progression or relapse 18 (56.2) 106 (45.9) 1.3 (0.55 - 3.03)
Non-recent chemotherapy 16 (50) 148 (64.1) 0.123 1 0.727
Recent chemotherapy 16 (50) 83 (35.9) 1.16 (0.49-2.76)
SOFA at ICU admission 8.71+2.79 8.26 £3.42 0.477 -
Days of hospitalization length' 32 (22,57) 21 (14, 32) 0.0001 1 0.301
1 (0.99-1.01)
Days of ICU length! 18 (9,27) 8(5,12) < 0.0001 1 <0.0001
1.11 (1.06-1.17)
Alive 10 (31.2) 122 (52.8) 0.02 1 0.125
Death 22 (68.8) 109 (47.2) 2.04 (0.82-5.12)

IMedian (Interquartile range). ICU: Intensive care unit.

Tazobactam/Piperacillin, carbapenems, and Vancomycin). It is noteworthy that
frequent causes for ICU admission were septic shock and respiratory failure secondary
to pneumonia; thus, broad-spectrum antibiotics are usually initiated empirically in
these patients.

Some studies have described Gram-negative bacilli as the most common group of
VAP-associated pathogens, accounting for over 50% of cases; Acinetobacter baumannii,
Pseudomonas aeruginosa, in addition to S. aureus'?. We found that 95% of Gram-
negative bacteria in this series were Klebsiella spp., P. aeruginosa, Enterobacter spp., and
E. coli the most common pathogens. It is important to emphasize that there were only
two Gram-positive bacteria identified. Additionally, we found that 34.3% of the
infections were polymicrobial, similar to 40% reported in other studiestl.

Likewise, an increase has been described in the isolation of Gram-negative MDRB
strains in patients with VAPl Nevertheless, we identified only 21.4% of MDRB
strains as follows: ESBL-Klebsiella spp. in 44.4%; ESBL-E. coli in 25%; P. aeruginosa CR in
25%, and Klebsiella spp. in 11.1%. The rate of MDRB described in this study was similar
to that which we have previously reported in health care-associated infections in the
same ICU during 2013 and 2014 (24%)"%. The National Healthcare Surveillance
Network in the United States in 2014 found the following higher rates of MDR in
patients with VAP: 37% of Methicillin-resistant S. aureus (MRSA); 31.1% CR-P.
aeruginosa, and 14% CR-Klebsiella pneumonige. A study performed to assess the
microbiological profile and MDR Gram-negative bacteria in the ICU during 2010-2011,
showed Citrobacter and K. pneumoniae as the most common isolated pathogens, with a
high prevalence of carbapenemase- producing bacteria (48%)!"”), considerably higher
than the results found in our study.

MDRB strains have been related with widespread use of antimicrobials, prolonged
use of MV, longer length of hospitalization, and prior antibiotic therapy!”. In this
study, only longer ICU stay was more frequent in patients with these bacteria (P =
0.02).

Sixty-day mortality was reported in 44.1% (48.8% in hematological and 43.4% in
patients with solid tumors; P = 0.457). In a previous study performed in the same ICU,
the mortality rate for patients with MV was 34.4% (73% for hematological patients and
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Table 4 Use of antimicrobials in patients with ventilator-associated pneumonia vs those who did not develop the latter

Antimicrobial treatment Total (n=263) Non-VAP (n = 233) VAP (n=30) P value
Antibacterial treatment

Cephalosporins 58 (22) 47 (20.2) 11 (36.7) 0.03
Days of cephalosporins'> 64,9 6(4,9) 4 (4,10) 0.856
TZP 86 (32.6) 69 (29.6) 17 (56.7) 0.002
Days of TZP” 6(4,9) 7 (4,9) 6(5,7) 0.895
Aminoglycosides 18 (6.8) 14 (6) 4(13.3) 0.134
Days of aminoglycosides” 4(3,6) 3(3,5) 54,7) 0.469
Carbapenem 228 (86.7) 198 (85) 30 (100) 0.02
Days of Carbapenem’ 11 (7,17) 10 (6, 16) 13 (10, 22) 0.003
Fluoroquinolones 31 (11.8) 23 (9.9) 8(26.7) 0.006
Days of fluoroquinolones’ 10 (7, 14) 11 (7, 14) 9(5,15) 0.586
Vancomycin 153 (58.2) 130 (55.8) 24 (80) 0.01
Days of vancomycin” 7 (4,10) 7 (4,10) 7 (4,10) 0.684
Linezolid 47 (17.8) 39 (16.7) 8(26.7) 0.205
Days of linezolid* 9(5,12) 8 (4,11) 14 (8, 21) 0.05
Clarithromycin 68 (25.8) 59 (25.3) 9 (30) 0.657
Days of clarithromycin* 8 (7,10) 8 (6,10) 8 (8,10) 0.505
SMX/TMP 68 (25.8) 56 (24) 12 (40) 0.06
Days of SMX/TMP” 8 (5,13) 12 (7, 21) 12 (8, 14) 0.577
Colistin 11 4.2) 7 (3) 4(13.3) 0.02
Days of colistin” 10 (4, 11) 8(3,11) 11 (8,12) 0.341

1Third-generation.
2Median (Interquartile range). TZP: Piperacillin/ tazobactam; VAP: Ventilator-associated pneumonia.

34.3% for patients with solid tumors)"‘l, this lower mortality can be related because, in
the last study, we included all patients with MV, regardless of ventilation time.

Bundle implementation reduces the rate of VAP; this is the most efficacious measure
when compliance rates are high, and includes education and training, hand hygiene,
head positioning (> 30°), cuff- pressure maintenance, avoidance of elective changes of
circuits, humidifiers, and endotracheal tubes, oral chlorhexidine gluconate, aspiration
of subglottic secretions, selective decontamination of the oropharynx tract, and a short
course of systemic antibiotics during the intubation of patients with previous
decreased consciousness!"’*l. In our hospital, the previous measures, except for the last
two, are performed routinely; adherence to prevention bundles is monitored by a
nurse from the Infection Control Department who is assigned to the ICU. In addition
to the latter prevention measures, enhancing antimicrobial stewardship programs is a
simple and cost-effective way to improve clinical outcomes, maintaining quality of
care and contributing to the decrease of VAP episodes!"’.

There are some imitations of this study. First, it was retrospective, and second was
conducted at only one center, it could have the bias inherent to this type of design.
However, the hospital is one of the biggest in the region, and the number of patients
treated each year is also large. Third, the number of episodes of VAP were not many,
which could have influenced not to find significant differences in some of the risk
factors studied. On the other hand, the study’s main strength is the example of how a
study such as the one we present, contributes to reinforcing policies of antimicrobial
stewardship within a hospital tailored by the results.

In conclusion, the rate of VAP was similar to that reported in other studies
conducted in immunosuppressed patients. However, it is important to highlight the
elevated percentage of Gram-negative bacteria as a cause of pneumonia, which
permits beginning empiric antibiotic coverage for these pathogens, without the need to
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Table 5 Univariate and multivariate analysis for 60-d mortality in patients with mechanical ventilation (n = 263)

Univariate Multivariate
Characteristics
Alive (n=147) Death (n =116) Pvalue OR P value
Female 79 (53.7) 58 (50) 0.546 -
Male 68 (46.3) 58 (50)
Age <60 yr 83 (56.5) 72 (62.1) 0.358 -
Age 260 yr 64 (43.5) 44 (37.9)
Solid tumor 101 (68.7) 74 (63.8) 0.401 -
Hematologic malignancy 46 (31.3) 42 (36.2)
Recent diagnosis, complete or partial remission 85 (57.8) 54 (46.6) 0.069 1 0.237
Progression or relapse 62 (42.2) 62 (53.4) 1.38 (0.81-2.37)
Non-recent chemotherapy 103 (70.1) 61 (52.6) 0.003 1 0.006
Recent chemotherapy 44 (29.9) 55 (47.4) 2.16 (1.24-3.76)
SOFA at ICU admission 8.45+3.45 815+32 0.471 -
Non-tracheostomy 115 (78.2) 80 (69) 0.088 1 0.01
Required tracheostomy 32(21.8) 36 (31) 2.52 (1.24-5.13)
Days of ICU length 8 (6,13) 8 (5,15) 0.457 -
Days of mechanical ventilation 7 (4,11) 9(5,14) 0.029 1 0.15
1.04 (1.008-1.07)
Non-VAP 132 (89.8) 99 (85.3) 0.342 -
VAP 15 (10.2) 17 (14.7)

ICU: Intensive care unit; SOFA: Sequential Organ Failure Assessment score; VAP: Ventilator-acquired pneumonia.
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Figure 1 Pathogens isolated from patients with ventilator-acquired pneumonia in patients with cancer including multidrug resistant
bacteria. MDR: Multidrug resistant.

cover Gram-positive bacteria, particularly Vancomycin for Methicillin-resistant S.
aureus. In this retrospective, single center, observational study, MDRB VAP was not
directly linked to increased mortality at 60 d.
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Research background

Patients with cancer have several risk factors for developing respiratory failure
requiring mechanical ventilation (MV). The emergence of multidrug resistant bacteria
(MDRB) has become a public health problem, creating a new burden on medical care
in hospitals, particularly for patients admitted to the intensive care unit (ICU).

Research motivation
To establish and/or modify guidelines for the initiation of empirical antimicrobial
treatment in cancer patients who develop VAP.

Research objectives

To describe in the patient with cancer which are the risk factors for developing
ventilator-acquired pneumonia, and if there is a higher incidence of episodes
secondary to multidrug-resistant bacteria.

Research methods

A retrospective study carried out over a two-year period, that included all patients
with mechanical ventilation who were admitted to the ICU, and we analyzed those
who developed an episode of VAP and the bacteria involved.

Research results

Two hundred sixty-three patients were included; two thirds with a solid tumor. There
were 32 episodes of VAP; 11.5 episodes/1000 ventilation-days. Gram-negative bacteria
were involved in 95%of cases, 24% were MDRB. There were no differences in mortality
between those patients with VAP vs non-VAP, neither when MDRB vs non-MDRB
were compared. Length of ICU was documented as risk factor for VAP. Recent
chemotherapy and tracheostomy were predictive risk factors for 60-d mortality.

Research conclusions

The rate of VAP was similar to that reported in other studies. We described an
elevated percentage of Gram-negative bacteria as a cause of pneumonia, which
permits beginning empiric antibiotic coverage for these pathogens. MDRB were found
in a quarter of the episodes, and were not linked to increased mortality at 60 d.

Research perspectives

To perform a monitoring for a longer period of time will allow evaluating the
evolution of bacterial resistance, and establishing whether, with a greater number of
cases, it can impact the mortality of these patients.
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Abstract

BACKGROUND
Mass methanol poisonings are challenging, especially in regions with no
preparedness, management guidelines and available antidotes.

CASE SUMMARY

Six Ukrainian patients were referred to our emergency department in Cairo,
Egypt several hours after drinking an alcoholic beverage made of 70%-ethanol
disinfectant bought from a local pharmacy. All patients presented with severe
metabolic acidosis and visual impairments. Two were comatose. Management
was based on the clinical features and chemistry tests due to deficient resources
for methanol leveling. No antidote was administered due to fomepizole
unavailability and the difficulties expected to obtain ethanol and safely administer
it without concentration monitoring. One patient died from multiorgan failure,
another developed blindness and the four other patients rapidly improved.

CONCLUSION

This methanol poisoning outbreak strongly highlights the lack of safety from
hazardous pharmaceuticals sold in pharmacies and limitations due to the lack of
diagnostic testing, antidote availability and staff training in countries with
limited-resources such as Egypt.

Key words: Hemodialysis; Limited resources; Methanol; Metabolic acidosis; Outbreak;
Poisoning; Case report
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Core tip: Mass methanol poisoning with unpredictable risk assessment represents a major
threat in developing countries. This work reports a clinical series with patients' features
and outcome, describes the investigations to identify rapidly the involved causative agent
(here, a homemade beverage made with alcoholic disinfectant) and discusses the observed
insufficiencies to improve hospital preparedness in case of methanol poisoning outbreak.

Citation: Gouda AS, Khattab AM, Mégarbane B. Lessons from a methanol poisoning outbreak
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INTRODUCTION

Methanol is included in many home chemicals, fluids, varnishes, stains and dyes.
Toxicity results from its metabolism by alcohol dehydrogenase (ADH) to formic acid,
which accumulates and results in metabolic acidosis and organ injuries (Figure 1)'.
Small ingested amounts as little as 10 mL of pure methanol may be sufficient to cause
life-threatening toxicity and permanent blindness.

Acute single-patient methanol poisonings are commonly reported while outbreaks
occur sporadically, especially in countries with limited accessibility to ethanol due to
unavailability or religious, cultural and economic reasons. Methanol is consumed
accidentally as ethanol substitute in underground homemade alcoholic beverages!™*l.
Methanol poisoning outbreaks have also been reported in occidental countries
resulting in hundreds of victims and deaths/?. In such epidemics, providing effective
therapy on time may be challenging, especially if the number of patients exceeds the
availability of resources and in the absence of national guidelines to help physicians in
charge. As dramatic illustration, a recent methanol poisoning outbreak in the northeast
state of Assam in India has killed at least 154 people and left more than 200 people
hospitalized after drinking an unregulated moonshine, known locally as "country-
made liquor"!"l. Here, we report the outcome of a collective methanol intoxication that
occurred in Cairo, Egypt in 2018 and discuss the different challenging issues from a
public health perspective.

CASE PRESENTATION

Five Ukrainian males were referred to our emergency department in Cairo, Egypt on
May 28, 2018. The patients were transferred by ambulance and accompanied by an
Arabic translator. Two patients were comatose, and three others drowsy with
vomiting and headaches. Detailed history was taken from the conscious persons. All
five patients were recently assigned to a local multinational factory in a neighboring
area and lived there together in the same building. The day before, they tried to buy
alcoholic beverages but did not know any local store. So, they prepared and ingested a
homemade alcoholic beverage using bottles containing 70% ethanol disinfectant
bought from a local pharmacy and fresh orange juice. They drank several glasses of
this beverage during the day prior. Another sixth patient drank with them but refused
to come to the hospital as he felt well. We requested from the translator to convince
him to come as soon as possible. He came on the next day while presenting severe
impairment in visual acuity, with perception limited to hand motion for the right eye
and light for the left eye. All patients were promptly admitted to the intensive care
unit (ICU). Vital signs, physical and biological parameters on admission as well as
management and outcome data are presented in Table 1.

FINAL DIAGNOSIS

Based on history and presence of metabolic acidosis and visual impairment in all
patients, methanol poisoning was suspected.
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Table 1 Clinical, biological, management and outcome data in six methanol-poisoned patients during an outbreak in Egypt

Patient 1 Patient 3 Patient 4 Patient 5 Patient 6
Clinical parameters on admission
Ageinyr 41 47 41 46 42 42
Glasgow coma score 3 3 15 15 15 15
Respiratory rate as /min 32 30 26 29 23 18
Systolic/ diastolic blood 80/60 60/40 110/70 110/80 100/80 150/100
pressure in mmHg
Pupils Dilated Dilated Dilated Dilated Dilated Dilated
Repeated seizures + + - - - -
Ophthalmological - Diminished visual acuity Diminished visual acuity Diminished visual Diminished visual acuity bilaterally = Hand motion by the right
examination bilaterally with diminished visual bilaterally for follow-up acuity bilaterally for for follow-up eye and light perception by
field for follow-up follow-up the left eye
Opthalmoscopy Bilateral hyperemic swollen optic discs  Bilateral hyperemic optic discs Bilateral hyperemic optic discs ~ Bilateral mild disc Bilateral pale swollen optic discs Bilateral disc pallor with

with flame-shaped shadow along

superior arcade

Biological parameters on admission

Arterial pH

HCO; concentration in
mmol/L

PaCO, in mmHg
Serum creatinine in mg/dL

Blood urea nitrogen in

mg/dL

AST/ALT

Hemoglobin in g/dL
Platelets in G/L

White blood cells in G/L
Management

Sodium bicarbonates

Thiamin at 400 mg/d, IV

JBaishideng®

6.80

42

27
1.1

26

80/60

150

8.1
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with pale vassal rim

6.80

45

22

1.6

with peripapillary nerve fiber
layer edema

7.18

9.7

26
41

26

56

pallor and retinal
edema

7.03

8.2

31
1.0

26

43/57

202

8.3

with superior and inferior retinal
nerve fiber layer swelling

43

15
0.9

31

28/20
15.6
314

14.3

normal retina

20.9

37
11

36

28/24
14.0
150

6.1
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Leucovorin at 200 mg/d, IV

Methylprednisolone at 400
mg/d, IV

Diazepam at 30 mg/d, IV

Hemodialysis 2-h session

4

B

s

One session

s

One session /d during 4 d
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+ + +
- - +
One session /d during 2 d One session One session

One session /d during 2 d

Mechanical ventilation + + = - - -
Vasopressor, + - - - - -
norepinephrine
Outcome
Outcome Multiorgan failure and death Disorientation, abnormal Full orientation, Pneumonia, Full orientation, Full orientation, Diminished visual Full orientation, Blindness
behavior, Diminished visual Diminished visual acuity Diminished visual acuity
acuity acuity
ICU discharge Day 1 Day 7 Day 3 Day 3 Day 3 Day 5
Risk score, predicted risk of Risk E, 83% Risk D, 50% Risk A, 5% Risk A, 5% Risk A, 5% Risk A, 5%
death'
Based on the risk assessment chart for the evaluation of outcome using admission parameters including coma onset, arterial pH and PaCO,, according to Paasma et al*’),
Due to the lack of readily available antidote and blood ethanol measurement in our
laboratory, patients were treated with supportive care, vitamins (thiamin and
leucoverin) and intermittent dialysis. Two hemodialysis devices were available in the
ICU. Thus, 2-h sessions were successively provided to all patients starting with the
most severely injured ones (Patient 1 to 5 then Patient 6 when admitted) and
secondarily repeated on a daily basis if required by the metabolic disturbances.
One patient rapidly died from multiorgan failure a few hours after ICU admission.
Due to persistent disorientation, brain magnetic resonance imaging was performed in
Patient 2 showing bilateral, symmetrical sizable patchy areas of abnormal signals at
cerebellar hemispheres and basal ganglia as well as bilateral and mainly subcortical
frontal, parietal and occipital regions. Brain injuries elicited faintly bright to
intermediate T2 and more bright fluid attenuation inversion recovery signals with
restricted diffusion in diffusion-weighted imaging. The five survivors were discharged
upon their request when possible to continue treatment and follow-up in their
WJCCM | https://www.wjgnet.com 57 August7,2020 | Volume9 | Issue3 |
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Methanol toxicity due to enzymatic degradation by alcohol dehydrogenase
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Methanol consumption as ethanol substitute in Collective poisoning
homemade alcoholic beverage (outbreak)

Figure 1 Metabolism pathway of methanol and its resulting toxicity in humans.
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country. Before living our ICU, they gave their consent for the anonymous use of their
data for research purposes.

DISCUSSION

Outbreaks of methanol poisoning occur frequently on a global basis and affect
vulnerable populationsPl. The situation in Egypt is poorly known, likely with many
cases and even outbreaks going unnoticed. Here, we described the features and
outcome of six methanol-poisoned patients managed in Cairo, allowing us to
acknowledge the limitations that influenced our therapeutic strategy and to review the
main underlying public health issues that remain unsolved to date.

All six patients presented with severe metabolic acidosis, which is the most common
disturbance in methanol intoxication due to the accumulation of formic acid™*. All
patients presented with visual disturbances, which is the only specific symptom of
methanol poisoning. Visual disturbances are frequently reported in methanol
poisoning, with approximately 30%-60% prevalence on hospital admission!*'"l,
Ocular changes consist in bilateral retinal edema, hyperemia of the discs and blurring
of the disc margins. Usually, optic atrophy is a late complication of methanol
poisoning!>"L. In our series, 1 patient developed almost complete blindness, probably
due to his delayed admission and treatment in comparison to the others.

When methanol poisoning is suspected based on medical history, osmolal gap or
anion gap metabolic acidosis, confirmation should be rapidly obtained with the
measurement of blood methanol concentration!**l. However, if not readily available,
osmolal gap has been reported to be a useful indicator for the presence of toxic alcohol
to guide the treatment!"”. In our hospital, due to deficient regional resources, neither
osmolality testing, anion gap measurement nor methanol leveling was readily
available. Therefore, empirical therapy was immediately started based on the typical
features attributed to methanol toxicity.

The full correction of metabolic acidosis and the rapid formate formation blockage
and elimination are the cornerstones of management!>'>*. Ethanol, a competitive ADH
substrate and fomepizole, a potent ADH inhibitor, are the two recommended antidotes
with established effectiveness to reverse methanol toxicity!"'>'*'>*1. Hemodialysis is
effective to reverse rapidly metabolic acidosis and enhance methanol and formate
elimination®>*. Leucoverin (folinic acid) is commonly administered due to its
attributed effects to enhance formate metabolism in the monkey™. Our patients did
not receive any antidote and were only treated with hemodialysis, folinic acid and
supportive care. Fomepizole is not marketed in Egypt. Ethanol is not readily available
at the bedside in our region; additionally, due to the non-availability of blood ethanol
concentration measurement, its administration was estimated to be unsafe by the
physicians in charge.

The recommended indications for extracorporeal treatment of methanol poisoning
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were revisited by the international Extracorporeal Treatment in Poisoning Work
Group!™l. Recommendations included any of the following criteria being attributed to
methanol: Coma, seizures, new vision deficits, metabolic acidosis with blood pH <
7.15, persistent metabolic acidosis despite adequate supportive measures and
antidotes and serum anion gap = 24 mmol/L. Intermittent hemodialysis was
recognized as the modality of choice, while continuous modalities were considered as
acceptable alternatives. In our series, all patients presented at least one of these criteria
and were therefore dialyzed. If available, serum methanol concentration should also
be considered to indicate hemodialysis if > 700 mg/L (21.8 mmol/L) in the context of
fomepizole therapy; if > 600 mg/L (18.7 mmol/L) in the context of ethanol treatment;
and if > 500 mg/L (15.6 mmol/L) in the absence of an ADH blocker™. In the absence
of methanol concentration, the osmolal gap was estimated to inform the decision. In
our situation, none of these biological parameters was available, and hemodialysis
decision was undertaken based on the severity of acidosis and the presence of visual
impairments on admission.

Although hemodialysis should be done in severely methanol-intoxicated patients, it
may be readily unavailable in case of outbreak due to limited resources™ . Selection
of patients to perform hemodialysis should thus be prioritized on clinical indications
(respiratory, neurological or visual symptoms or reduced kidney function) rather than
on absolute methanol levels!"**l. Contrary to conventional teaching, acidosis may occur
only a few hours after ingestion, but this delay is prolonged in case of ethanol co-
ingestion'”l. Here, the exact starting time and duration of drinking as well as the
beverage composition remained unknown. Published data are insufficient to apply 200
mg/L (6.2 mmol/L) as treatment threshold in a non-acidotic patient arriving early for
care. It is possible to offer prolonged ADH inhibition with fomepizole until
hemodialysis can be performed, if necessary. Nevertheless, this approach should be
balanced against the longer (approximately 52 h) methanol half-life with the antidote
and need for extended hospitalization("**"*]. In patients without significant acidosis or
ocular symptoms, treatment with ADH inhibition alone has been shown to be safe and
is therefore a viable option if hemodialysis is not possible or methanol concentrations
are not markedly elevated.

These international recommendations should reduce the allocation of resources to
patients with less severe poisoning, so that extracorporeal treatments can be
prioritized to those with greater need. Guidance on risk stratification of patients with
severe methanol poisoning may be useful to help physicians in charge of mass
casualty carel™. Very recently, consensus statements were established on the approach
to patients in a methanol poisoning outbreak, setting up international
recommendations and a triage system that identifies patients most likely to benefit, so
that they are prioritized in favor of those in whom treatment is futile or those with low
toxicity exposures at that time™. A risk assessment score utilizing simple readily
available parameters on patient admission exists, and it is based on a multicenter
study that included observational data from several methanol poisoning outbreaks to
help identify the patients associated with poor outcome (Table 2)1. Low pH (pH <
7.00), coma (Glasgow coma score < 8) and inadequate hyperventilation [PaCO, > 3.1
kPa (or 23 mmHg) in spite of arterial pH < 7.00] on admission were shown to be the
strongest predictors of poor outcome after methanol poisoning. Interestingly,
improved clinical outcome was more recently shown to be positively associated with
out-of-hospital ethanol administration”*. Therefore, conscious adults with suspected
poisoning should be considered for administration of out-of-hospital ethanol to reduce
morbidity and mortality. However, we acknowledge that such a recommendation has
serious limitations in a Muslim country like Egypt.

Outcome of methanol-induced blindness appears less predictable. However,
improvement of optic nerve conductivity has been reported in more than 80% of the
patients during the first years of follow-up®. Visual disturbances on admission and
coma are significantly more prevalent in the patients with visual sequelael*. Although
depth of acidosis at presentation is the strongest determinant of the final visual acuity,
no other parameter at presentation including demographics, elapsed time to
presentation, symptoms, neurological examination, arterial blood gas and brain
computed tomography-scan findings was found able to identify transient versus
permanent visual injuries in the initial disturbances!””). In the recent Czech mass
methanol outbreak, no association was found between visual sequelae and type of
antidote administered, mode of hemodialysis or folate substitution, while only pre-
hospital administration of ethanol seemed beneficial, if based on the follow-up
evaluating the retinal nerve fibers layer by optical coherence tomography!*.
Intravenous high-dose methylprednisolone, alonel”’ or in combination with
intravenous erythropoietin™), has been suggested to reverse methanol-induced ocular
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Table 2 Risk assessment for the rapid evaluation of outcome based on admission parameters, adapted from Paasma et al*’!

Risk group Coma Arterial pH PaCoO, Death risk
A No >7.00 - 5%

B No 6.74-6.99 - 10%

C No <6.74 - 25%

D Yes 6.74-6.99 <3.07 50%

E Yes 6.74-6.99 23.07 83%

F Yes <674 8 89%

Determination of the risk group of 1 patient on admission requires the combination of all conditions for the three parameters.

Jaishideng®

injuries provided the interval between methanol consumption and starting treatment
is short like in our patients; but its definitive effectiveness remains to be proved.

One major issue in mass methanol poisoning is the rapid identification of the
involved causative agent. Here, our investigations concluded that the suspected
beverage was homemade with alcoholic disinfectant used for medicinal purposes and
sold in most of local pharmacies, in bottles lacking pamphlet and use instructions.
Data on the bottles written in Arabic only showed that they contained 70% ethanol and
have to be kept away from children (Figure 2). It is probable that the absence of
adequate information on the disinfectant bottles was misleading and confusing.

Prevention is also a major critical issue from a public health perspective and
includes public education, constraining the public purchase of methanol-containing
items and storing these items securely!”l. According to the Classification, Labeling and
Packaging article 17 of the European Chemical Agency’s guidance of labeling and
packaging, a substance and mixture classified as hazardous must bear a label
including the following elements: (1) Name, address and telephone number of the
supplier(s); (2) The nominal quantity of the substance or mixture in the package made
available to the general public, unless this quantity is specified elsewhere on the
package; and (3) Product identifiers; hazard pictograms, where applicable; the relevant
signal word, where applicable; hazard statements, where applicable; and appropriate
precautionary statements where applicablel’"l. In addition, according to the Egyptian
New Consumer Law 181/2018, the producer or supplier of any commodity must
inform the consumer of all essential data about the product, including particularly its
source, price, characteristics and all basic components in accordance with the Egyptian
or international specifications standards. Clearly, the basic laws have not been
respected in this situation.

This experience has alarmed us about the terrible consequences of shortages in staff,
testing and treatment availability (antidote and extracorporeal treatments) in Egypt
that may become challenging in a larger methanol poisoning outbreak. Poor
knowledge of management of methanol poisoning among health workers and late
diagnosis of the suspected cases may result in high case fatality. Increasing local
competencies is crucial since mobilization of international teams in case of major
outbreaks takes timel”. A strategic plan should be in place in the rare event of an
outbreak. Government health authorities should search for poisoned individuals who
have not yet presented to hospitals. Joint effort between local health authorities and
non-governmental organizations with the necessary infrastructure and emergency
experience combined with provision of detailed and locally adapted treatment
protocols and training is life-saving. Guidelines have to be rapidly disseminated by
email alert systems or other internet-based services or hand-delivered when required
in resource-limited regions.

CONCLUSION

Mass methanol poisoning with unpredictable risk assessment represents a major threat
in developing countries with resource limitations like Egypt. In this local outbreak,
immediate supply of supportive care and hemodialysis overcame the deficit in
diagnostic testing and antidotes. This study brings attention to the risks due to sold
products with no warnings or ingredients notice. Like the ongoing extended methanol
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Figure 2 Label of the locally produced disinfectant sold in the Egyptian pharmacies.
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poisoning outbreak in India, dramatic consequences are not impossible to exclude.
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