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convention and whether any awards have
been conferred on the paper.
Abstract. The abstract should not be longer than
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was done in the study, including objectives, study
design, important results and conclusions. Only
findings restricted to the study should be
mentioned in the abstract. For research reports
only, abstracts must be in the structured form of
four paragraphs, with headings Purpose,
Methods, Results, and Conclusions; and must
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also provide three key words under which the
article can be indexed.
Headings
For all manuscripts. Use main headings and
short subheadings as needed. Do not create a
heading at the very top of the manuscript (e.g.,
“Introduction”), since layout constraints make
such headings unworkable. Text should be set in
Times New Roman font, 10 point in size, and
single-spaced. The main heading of the onlineonly text should be in 12 point and boldface;
subheadings should be in 10-point and boldface.
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For research reports. Structure the body of the
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Methods, Results, and Conclusions. At least a full
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heading, for layout reasons.
For articles. Create headings that are substantive
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short as is feasible. At least a full paragraph of
text must precede the initial heading, for layout
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Text. Formal scientific or technical style shall be
followed in writing the manuscripts. All
abbreviations should be spelled out when used
for the first time. For standard terminology,
such as chronic obstructive pulmonary disease
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EDITORIAL

Bringing back the
bedside basics
Evelyn Victoria E. Reside, MD, FPCCP
Editor-in-Chief

The Philippine College of Chest Physicians
(PCCP) welcomes back the Philippine
Journal of Chest Diseases (PJCD) after a
hiatus of almost two years. As always, the
PCCP PJCD prides itself for the research
output of its members, and this issue is no
different.
In this issue, our outstanding fellows-intraining emphasize the value of simple
bedside techniques that may significantly
impact the way clinicians evaluate critically
ill patients. The use of scoring systems as a
guide in the evaluation of patients with
pneumonia is nothing new. Clinicians have
run through a variety of them: the APACHE
scoring system, the Pneumonia Severity
Index and the CURB-65 are some of the
recent tools meant to assist decision-making
in patient care. However, with advances in
health care and technology, and the need for
enhanced risk stratification among patients
with severe community-acquired pneumonia, the PIRO scoring system was developed.
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Here in this issue, Montejo et al features our
local experience with the PIRO scoring
system.
Moreover, with the option of non-invasive
ventilator support increasingly gaining
acceptance, Joson-Vergara et al provides
valuable insights into how best to deal with
the issue of its failure. And with this, we
hopefully prevent delays in instituting
indicated invasive ventilation as a means to
resuscitating patients in respiratory failure.
Nevertheless, invasive ventilation via
endotracheal intubation remains not without
its risks. As Arquiza et al demonstrates,
endotracheal tube cuff pressures diminish
over time, and this potentially adds to the risk
of patients developing ventilator-associated
pneumonia and tracheomalacia.
This issue likewise features practical
guidelines on the diagnosis and management
of stable COPD, a review of scientific
information regarding the determinants of

TB infectiousness, as well as information
on rare conditions such as pneumothorax,
pneumomediastinum, pneumorachis and
subcutaneous emphysema after exposure
to N-methyl-3, 4-methylenedioxymethamphetamine (also known as MDMA or
“Ecstasy”) in a young adult male. The
Dangerous Drugs Board of the Philippines
consistently reports MDMA or “Ecstasy”
as one among the most abused drugs or
substances. However, despite this, the
outcome reported by Ramirez et al
remains a rare occurrence, yet emphasizes
the need for clinicians to be vigilant.

As a returning publication, these articles are
only fitting for the resumption of the PJCD.
These articles offer timely and practical
information for the bedside encounter of
pulmonologists or other clinicians with
patients.

This PCCP Position Statement on
Electronic Cigarettes (E-Cigarettes) or
Electronic Nicotine Delivery Devices is
also featured in this issue. This is meant to
guide the clinician/pulmonologist in
properly advising patients with regards to
these devices and whether or not they
indeed positively contribute to smoking
cessation.

And to end, the PJCD would like to thank the
PCCP Executive Board who never lost faith;
for the Editors-in-Chief who paved the way:
Dr. Isagani Rodriguez, Dr. Ma. Bella Siasoco,
and Dr. Joven Jeremius Tanchuco; and to all
the peer reviewers and authors who provided
support and shared their talents and expertise.

They are also our reminders that research
continues to be alive and vibrant in the PCCP
community, and we are looking forward to
more issues in the coming years. As the PJCD
moves forward, we would like to encourage
members to contribute either as authors or as
peer reviewers.

Vol. 16 | Issue 01 | Mar. 04, 2015

2

Position statement on e-cigarettes
FEATURE

Position Statement on Electronic Cigarettes (E-cigarettes)
and Electronic Nicotine Delivery Devices
Philippine College of Chest Physicians

KEY MESSAGES
There is currently limited evidence on the safety of e-cigarettes and their sustainability as a
smoking cessation aid. There are also concerns about the attractiveness and appeal of e-cigarettes
to the youth and subsequent tobacco smoking and nicotine addiction.
The use of e-cigarettes may undermine smoke-free policies that are already in place and the
increasing de-normalization of smoking. E-cigarettes are also not subjected to the same rigorous
standards as a pharmaceutical product or drug.
Before e-cigarettes are widely promoted, evidence is needed to ensure the following: (a) that
e-cigarettes are safe as a harm reduction alternative to tobacco smoking; (b) that e-cigarettes are
safe and effective smoking cessation aid; and (c) that e-cigarettes do not undermine the motivation
for smokers to quit and that e-cigarettes do not act as a gateway to smoking addiction for the young
and the children.
The Philippine Food and Drug Administration (FDA), under Republic Act (RA) No. 9711, has
been created in fulfillment of the mandate of the State to protect and promote the right to health of
the Filipino people and to help establish and maintain an effective health products regulatory system
(Sec. 3). RA 9711 has bestowed on the Philippine FDA the following functions, powers and duties:
“to conduct appropriate tests on all applicable health products prior to the issuance of appropriate
authorizations to ensure safety, efficacy, purity, and quality (Sec. 5-h); to develop and issue
standards and appropriate authorizations that would cover establishments, facilities and health
products (Sec. 5-m); to conduct, supervise, monitor and audit research studies on health and safety
issues of health products undertaken by entities duly approved by the FDA (Sec. 5-n); and to
prescribe standards, guidelines, and regulations with respect to information, advertisements and
other marketing instruments and promotion, sponsorship, and other marketing activities about the
health products (Sec. 5-o).

BACKGROUND ON E-CIGARETTES
E-cigarettes are a form of Electronic Nicotine
Delivery Device (ENDD). They are promoted as
an alternative to tobacco products to deliver
inhaled doses of nicotine (or non-nicotine) to the
respiratory system from a vaporized solution
without the need for combustion of tobacco. Most
e-cigarettes are designed to resemble tobacco
cigarettes or other tobacco smoking products, and
can give a physical sensation similar to that of
inhaled tobacco smoke, as well as flavored vapor.

3

Phil J Chest Dis 2015

AS A SMOKING CESSATION AID OR
AGENT
There are proposals that e-cigarettes are a
safer alternative to tobacco smoking and that they
may aid in smoking cessation.1,2 In fact, it is being
advertised by the e-cigarette companies as such.
As a smoking tool, some researches showed that
e-cigarettes may be effective in making smokers
quit or reduce tobacco consumption. Two recent
studies showed a reduction in desire to smoke
when using 16 mg ENDD compared with placebo

PCCP

(0 mg ENDD), but the 16 mg ENDD is not as
effective at reducing cravings as a tobacco
cigarette.3,4
E-cigarettes may displace effective smoking
cessation, and there is lack of evidence of the
effectiveness of e-cigarettes as a tool or aid to
smoking cessation.5 Precisely because of this lack of
evidence, the World Health Organization and the
Department of Health, along with other organizations (most especially medical organizations) do
not consider that, currently, there is sufficient
evidence that e-cigarettes are suitable as a smoking
cessation aid or agent.
SAFETY ISSUES ON E-CIGARETTES
It is safe to presume that since e-cigarettes do
not burn tobacco, the chemicals and other toxic
substances emitted in regular tobacco smoke when
tobacco is burnt are not present and not delivered
to the e-cigarette user. However, the health effects
of e-cigarettes are not known considering that only
a few studies have looked into the cartridges and
vapor of e-cigarettes.
The US Food and Drugs studied the contents
of two brands of e-cigarettes and arrived at a
conclusion that e-cigarettes contain carcinogens
and other toxic chemicals although at lower levels
than regular cigarettes.6
New Zealand Research, on the other hand,
undertook an analysis of the content of one ecigarette brand, funded by the manufacturer, and
came up with the conclusion that they are safer
than regular cigarettes and safe in absolute terms
for the tests they undertook.7,8 Current research
suggests that few risks are posed to people by ecigarettes but the New Zealand Ministry of Health
recommended that this should be confirmed with
data from long-term outcome studies.9
EFFECTS ON THE YOUNG
There is a concern that e-cigarettes have the
potential to promote smoking among the young.10
E-cigarettes are a novelty product that look like
regular cigarettes. They are being marketed in a
way similar to regular cigarettes and they also

come in candy-like flavors such as chocolates and
fruits (banana, strawberry, etc.) that may appeal to
and encourage the young to try these products.
Furthermore, they are being sold without any age
restriction that may lead the young people to try
other tobacco products. This may then pose as a
risk to potentially induce the young to become
addicted to nicotine.11
QUALITY CONTROL OF E-CIGARETTES

Currently, e-cigarettes are not manufactured to
the same rigorous standards as any pharmaceutical
product. The US FDA have found different
amounts of nicotine in or emitted from e-cigarettes
than those contained on the labels, and while some
e-cigarettes are being marketed as having no
nicotine, they did in fact contain nicotine.6 Other
researches have reported the same variability in
nicotine delivery.1,5
Because e-cigarettes are not regulated, each
brand and batches within a brand may vary in their
nicotine content, and may therefore impact on
results of effectiveness and safety researches.
ISSUES ON DE-NORMALIZING SMOKING,
UNDERMINING SMOKING CESSATION AND
MAINTENANCE OF NICOTINE ADDICTION
The main reason why people use e-cigarettes
is to help them quit smoking or break their nicotine
addiction. Other people say that e-cigarettes serve
as a replacement for regular cigarette smoking
since advertisements claim that e-cigarettes are
safe. While the aim of a standard smoking
cessation is to put a stop or cut the behavior of
smoking, e-cigarettes on the contrary, continue to
perpetuate that behavior. Thus, instead of helping
the smoker to quit, e-cigarettes may even
undermine smoking cessation.
Another unwanted outcome of e-cigarettes is
the use of e-cigarettes in smoke-free indoor
environments which allows smokers to maintain
their nicotine addiction instead of making them
think of quitting while they are in smoke-free
areas. This undermines tobacco control laws in the

Vol. 16 | Issue 01 | Mar. 04, 2015

4

Position statement on e-cigarettes

Philippines and adds to the impression that
smoking is a normal behavior.
RECOMMENDATIONS
E-cigarettes are an alternative to tobacco
smoking that may be an acceptable strategy for
harm reduction. However, there is currently limited
evidence of safety profile of e-cigarettes or
whether they are suitable as a smoking cessation
aid. The consensus of researchers is that more
research is needed to examine: (1) long-term health
effects of using e-cigarettes; (2) efficacy of ecigarettes as a smoking cessation aid; (3) youth
initiation of these products and subsequent nicotine
dependence and tobacco use; and (4) issues around
quality control and manufacturing of these
products. Until this research is undertaken, it
cannot be known what effect e-cigarettes will have
on the lives of those who use them.
The Philippine College of Chest Physicians
(PCCP) does not support making e-cigarettes
widely available, or allowing their marketing
until the research evidence is available to establish
their place as a safe and effective component of
tobacco control at individual and population levels.

Since the e-cigarette industry claims that ecigarettes are effective as a smoking cessation
agent, PCCP believes that the Philippine FDA
should regulate e-cigarettes as a “drug” just like any
other smoking cessation therapy. This means that ecigarettes must go through and pass the same
approval process as any other smoking cessation
therapy. There must be scientific evidence provided
to FDA showing that e-cigarettes are safe and
effective for this purpose.
If e-cigarettes do not make therapeutic claims,
the Philippine FDA should still regulate them as a
health product. PCCP urges the Philippine FDA to
prohibit the e-cigarette companies from claiming
that their product is less harmful unless the ecigarette manufacturers provide first the FDA with
sufficient and convincing evidence to prove that the
product “as used by the consumers will: (1)
significantly reduce the harm and the risk of
tobacco-related diseases, and; (2) benefit the health
of the population as a whole, taking into account
both the users and non-users. The manufacturer
must be able to show that any reduction in harm is
not offset by increasing the number of people,
including the young, who start using tobacco.
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MDMA-induced pneumothorax, pneumomediastinum
CASE REPORT

A Case Report on MDMA-induced Pneumothorax,
Pneumomediastinum, Pneumorachis and
Subcutaneous Emphysema
Esperanza Marie I. Ramirez, MD, DPCP; Josephine B. Ramos, MD, FPCP, FPCCP;
Aileen Anne G. Lim, MD

Background: The drug 3,4-methylenedioxy-methamphetamine (MDMA) is a popular illicit
recreational or party drug amongst young adults, and is popularly known as “Ecstasy”, “XTC” or “E”.
Major clinical effects are reported including fatalities.
Objective: To present a case of MDMA induced pneumothorax, pneumomediastinum,
pneumorachis and subcutaneous emphysema who was managed conservatively.
Case: A case is reported of a 20-year old male who presented with chest tightness and limited
range of motion in the head and neck area. Neck and chest CT scan showed subcutaneous
emphysema in the head and neck region, thorax and upper arms, including pneumomediastinum,
pneumopericardium and pneumorachis. The patient was initially managed as a possible case of
mandibular dislocation and retromandibular abscess. He was given oxygen support and was
eventually discharged stable after 5 days.
Conclusion: In conclusion, a thorough history and physical examination is indeed very essential to
the management of any patient. Expanding our differentials to any case has salvaged our patient
from continued antibiotic therapy which eventually he did not require. And although believed to be a
“safe” drug by most users, significant mortality and morbidity may occur with MDMA use. Awareness
of the complications of MDMA needs to be emphasized in order to prevent its use and to decrease
its potential morbidity and mortality.
Keywords: MDMA, ‘Ecstasy’, pneumomediastinum, subcutaneous emphysema
pneumopericardium, pneumorachis
INTRODUCTION
MDMA (N-methyl-3,4-methylenedioxymethamphetamine) or “Ecstasy” is believed to be a
dance drug mostly exploited at rave parties and is
taken due to its euphoric effects caused by
stimulation of the central nervous system.
In the Philippines and the other countries, it
has been gaining popularity among the young and
wealthy because of its convenience, and so far its
chronic use is not yet known to be associated with
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physical dependence.1
We report a rare case of a young individual
who presented with pneumothorax, pneumomediastinum, pneumorachis and subcutaneous
emphysema after taking “Ecstasy”.
CASE
A 20-ear old male was admitted to our
hospital last July 28, 2013, because of chest
tightness and limited range of motion in the head

Ramirez EMI et al
and neck region. On the night prior to admission,
the patient attended a rave party where he recalled
accidentally biting his left buccal area. A few
hours prior to admission, he noted swelling of the
left jaw and limited range of motion in his neck
area. He eventually complained of chest tightness
and was then rushed to our emergency room.
On physical examination at the ER, we had a
patient who had the following vital signs: blood
pressure of 110/70 mmHg, heart rate of 70 beats
per minute, respiratory rate of 19 cycles per
minute, and a body temperature of 37.0OC. Oxygen
saturation at room air was within normal. Cardiac
sounds were distinct and no murmurs were
appreciated. The patient had clear breath sounds on
auscultation.
There was note of neck swelling but with no
accompanying tenderness or erythema. There were
crepitations on the neck and chest area. He was
advised admission.
The patient was subsequently admitted at the
Intensive Care Unit for closer monitoring and was
referred to both Pulmonary and Infectious Diseases
services. Septic work-up was done. Complete
blood count was normal. Blood cultures in the end
were negative for any bacterial growth.
He was given stat doses of Vancomycin and
Clindamycin for empiric coverage of possible
methicillin-resistant Staphylococcus infection.
A chest x-ray done revealed diffuse
subcutaneous emphysema on bilateral supraclavicular, paracervical and axillary regions, presence
of pneumothorax in the lung apex, and pneumomediastinum (Figure 1).
Neck and chest computerized tomography
(CT) scans were requested, which revealed diffuse
soft tissue emphysema in the head and neck region,
spine and upper thorax. There was no note of any
mass, abscess formation or lymphadenopathy
(Figures 2a, 2b and 3).
In due course, the patient volunteered the
information that he had taken MDMA during the
rave party. He also claimed to have used MDMA
already before.
During the course of his hospitalization, the
patient was given oxygen supplementation. Re-

Figure 1. Curvilinear lucencies indicated by arrows
surrounding the left cardiac shadow, paratracheal
regions and in the soft tissues of the paracervical,
supraclavicular, and axillary regions bilaterally. A
suspicious visceral pleural line is noted in the left lung
apex. No frank parenchymal infiltrates are noted. The
pulmonary vascular pattern is within normal limits. The
cardiac shadow is not enlarged. The diaphragm,
costophrenic sulci and the bony thorax are
unremarkable.

peated chest x-rays were done for monitoring of
the
subcutaneous
emphysema,
pneumomediastinum and pneumothorax. The patient was
advised regarding use of MDMA and use of any
prohibited drugs. He remained stable and was
eventually discharged on the fifth hospital day
after resolution of subcutaneous emphysema,
pneumomediastinum and pneumothorax.
DISCUSSION
MDMA or “Ecstasy” was first synthesized in
1914 and was originally utilized as an appetite
suppressant however, in the 1970s, it evolved into
a recreational drug.2
MDMA acts as a releasing agent of serotonin
(5-hydroxytryptamine or 5–HT), dopamine and
norepinephrine in the central nervous system. It
also binds and inhibits neurotransmitter reuptake
transporters at the synapse. This results in an acute
increase in neurotransmitter levels followed by a
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Figure 3. Air is also seen in the anterior, middle and
posterior mediastinum, along the prevertebral and
posterior paraspinal regions of the perivertebral space
and within the spinal epidural spaces, also pointed by
the block arrows.

A

B
Figures 2a and 2b. The (2a) anterior and (2b) lateral
sagittal views gas pockets in both supraclavicular,
infraclavicular, axillary regions as well as in the anterior
chest wall soft tissues pointed by the block arrows.

period of depletion.2-4 These neurotransmitters
affect cognition, mood, and memory.
As a drug, “Ecstasy” can also cause anxiety
and altered perceptions. Its most desirable effect is
its ability to provide feelings of warmth and empa-
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thy. The therapeutic effects of MDMA are caused
by the following: increased oxytocin levels;
increased ventromedial prefrontal activity;
decreased amygdala activity; and finally, increased
norepinephrine release and circulating cortisol
levels.5
MDMA can be taken in one of three
ways: by tablet, capsule and snorted powder form.
Unlike other drugs of abuse which are often
derived from plants (e.g., cocaine, morphine,
nicotine) it is synthesized in underground
laboratories. Since “Ecstasy” is synthesized in
laboratories, its purity can differ substantially
from laboratory to laboratory. In the illicit
market, it is commonly sold as tablets containing
between 50 and 150 mg of MDMA.6 Other
compounds such as caffeine, ephedrine, ketamine,
methamphetamine and paracetamol are easily
combined into the same tablet.3,6,7
Typically, after oral ingestion of 75 to 150
mg of the compound, it reaches maximal
concentrations in the blood stream between 1.5
and 3 hours. It is slowly metabolized and has a
plasma half life of 7.6 hours.3,7,8 Blood, plasma,
urine, hair sweat and saliva can be used as
specimens to confirm diagnosis and assist in its
detection.9,10
MDMA is popularly used for its effects on
mood and self-esteem, principally the three E’s:
energy, empathy and euphoria.3 It enhances mood,
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causing elation, increased self-esteem, a feeling of
closeness to other people, a more acute perception
of colors and sounds, alleviation of fatigue and
anxiety, feelings of depersonalization and derealization and sexual arousal.11
Although believed to be a “safe” drug by most
users, significant mortality and morbidity may occur
with MDMA use. Adverse reactions are mostly due
to the over-activation of the central and sympathetic
nervous system.12 Its immediate effects range from
the almost minor symptoms to the serious and lifethreatening. Common minor side effects include
hypertension, tachycardia, tremor, muscle tension,
chills and excessive sweating which may lead to
dehydration and hyperthermia. Other effects include
nausea, jaw clenching, numbness, anorexia,
transient paranoid psychosis and hallucinations.
Sudden death, hyperpyrexia, cerebral edema from
hyponatremia, isolated liver failure, rhabdomyolysis
and multi-organ failure are its reported serious side
effects.2,3,12
A few reports of spontaneous pneumothorax and pneumomediastinum after oral or
inhalational MDMA use have been reported in
literature.1,7,12,13 It is unlikely that these complications are a result of a direct drug effect, as they
cannot be explained on the basis of its known
pharmacologic effects.11 The underlying mechanism
may be due to alveolar rupture. The alveolar tearing
is likely caused by sudden rapid increase in intraalveolar pressure due to physical exertion over
prolonged periods.
The duration of action of MDMA is
approximately 4 to 6 hours, and party-goers
typically ‘re-dose’ (such as in our patient) with
MDMA after several hours in order to maintain
peak plasma concentrations.2 In addition, the
application of positive pressure such as an
inadvertent Valsalva maneuver is done in order to
increase the user’s euphoric feeling. This results in
air entering the pulmonary interstitial space, passing
the mediastinum through leakage, where air tracks
along the path of least resistance, thereby entering
the superficial fascial layers of the neck and chest
wall, causing emphysema. Air in the mediastinum
can likewise leak through the neural foramina of the

intercostals nerves causing pneumorachis or
epidural pneumatosis. This is due to absence of
fascial restrictions between the posterior
mediastinum and epidural space and a relatively
lower resistance in the loose connective tissue
layer compared to the rich vascular network
anteriorly.1,12,14
Marasco et al reported cases of pneumomediastinum associated with MDMA use and
these cases were managed conservatively without
adverse outcomes.13 This confirms that most of
these cases, including as our patient, are largely
benign and resolves spontaneously. Hence they
may be managed conservatively.
There remain many unanswered questions
with regards to the pharmacology and
pathophysiology of the acute effects of MDMA.
However, it affects a variety of neuro-endocrine
systems
and
that
pneumothorax
and
pneumomediastinum, although rare, are possible
occurrences. Awareness of these complications
needs to be emphasized in order to prevent
MDMA use. Emergency physicians and other
health care providers should be aware of the
various MDMA related complications in order to
decrease its potential morbidity and mortality.
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RETROSPECTIVE STUDY

Predictors of failure among patients given
non-invasive mechanical ventilation at the
University of Santo Tomas Hospital
Irene Salve D. Joson-Vergara, MD; Ma. Ronila Santos, MD, FPCP, FPCCP
Background: Patients who fail non-invasive mechanical ventilation (NIMV) and eventually require
invasive mechanical ventilation (IMV) have significantly higher mortality than patients placed on IMV
from the beginning. It was also associated with longer hospital stay and higher expenditures. Hence,
there is a need to come up with guidelines to identify patients wherein failure is likely.
Objectives: The aim of the study was to determine the predictors of failure in patients given NIMV at
University of Santo Tomas Hospital, Manila Philippines
Methods: We reviewed the charts of all in-patients placed on NIVM from July 2011 to March 2013,
with emphasis on the following variables: demographic and clinical profile, clinical course and
outcome. Patients from the pediatric age group (<19 y/o) and patients placed on continuous positive
airway pressure for the management of obstructive sleep apnea were excluded from the study.
Results: A total of 76 patients were included. There were 35 patients (46%) who failed NIMV. Out of
these, 12 patients (34%) were intubated, but were eventually discharged; 10 (29%) were intubated
and subsequently died; and 13 (37%) died while on NIMV. Among the parameters recorded, only the
reason for choosing NIMV and the site of care were associated significantly with NIMV failure.
Conclusion: The patient’s age, sex and the reason for instituting NIMV should be given a higher
degree of consideration in the decision to give NIMV. Individual parameters did not significantly
correlate with outcome, while using a group of parameters was proven to correlate more with
outcomes. Thus, development of a scoring system using the above parameters may aid in patient
selection. The benefit of instituting NIMV in patients with advanced directives should be
reconsidered.
INTRODUCTION
Non-invasive mechanical ventilation (NIMV)
is a modality that gives ventilatory support without
bypassing the upper airway with the use of devices
such as tracheal tube, laryngeal mask or tracheastomy.1,2 Instead, ventilatory support is delivered
through the upper airway using a mask or similar
device. It was traditionally used for the
management of patients with airway obstruction in
sleep apnea.1 However, its use for the management
of acute respiratory failure has emerged in the
recent years.3 In fact, the use of NIMV has

substantially increased over the years and this is
probably due to the known
complications of invasive mechanical ventilation
(IMV).
IMV may cause cardiac arrest, seizure and
gastric distention because of prolonged attempts at
intubation. The possibility of self-extubation also
poses a risk for injury to the larynx and pharynx
while long term intubation can result to airway
stenosis and loss of voice.4 These complications
may be precluded by the use NIMV while giving a
similar degree of efficiency.4,5
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NIMV decreases the work of breathing, thereby
unloading the respiratory muscles. It also increases
minute
ventilation
and
subsequently
improves arterial blood gas (ABG) levels.3 Multiple
controlled studies have cited chronic obstructive
pulmonary disease (COPD) exacerbation, acute
cardiogenic pulmonary edema, acute respiratory
failure in immunosuppressed patients, and weaning
from the ventilator in COPD patients as indications
for the use of NIMV.6-8 Few controlled studies have
included
post-operative
respiratory
failure,
avoidance of extubation failure and do-not-intubate
(DNI) order in the indications for the use of
NIMV.8
Success rates in several retrospective and
prospective studies have ranged from 74% to 78%
(failure rates of around 26%).3,6,7 Fifty-two percent
of patients who did not respond to NIMV were
eventually intubated.3 However, the parameters and
factors affecting success or failure have yet to be
identified. Some studies suggest that poor
functional parameters at the initiation of NIMV
correlate with the probability of success.6 Other
studies found that good level of consciousness and
improvement in acidosis and hypercapnea one hour
after initiating NIMV predicts success.7 It was
also postulated that the degree of acidosis before
initiating ventilation could predict response to
treatment.6 However, the exact parameters and
absolute levels that could accurately predict success
have not been identified. Failure was related to the
presence of pneumonia.6 Other factors predictive
of failure were not identified.
NIMV has several modes.1 The controlled
mechanical ventilation (CMV) mode provides full
ventilatory support; hence, no patient effort is
required.
Assist-control mechanical ventilation (ACMV)
is a mode that delivers a preset number of
mandatory breaths per minute in the absence of
patient’s effort. The ventilator-delivered breaths
are determined by the pre-set volume or pressure
and the duration of inspiration and expiration both
in CMV and ACMV modes.2
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Continuous positive
airway
pressure
(CPAP) provides positive airway pressure during
spontaneous breath. It does not include any
mechanical breaths; hence, the work of breathing
is entirely dependent on the patient. It is mainly
indicated for patients with obstructive sleep apnea
(OSA).
However, its use in acute respiratory failure
has recently developed.1,2 This modality allows a
higher inspired oxygen content, increases mean
airway pressure and improves ventilation to
collapsed areas of the lung, similar to positive endexpiratory pressure (PEEP) in intubated,
mechanically ventilated patients.
CPAP, however, is not considered as a
respiratory support in the strictest sense, and is
mainly indicated to correct hypoxemia.2 Some
studies suggested that CPAP was equally effective
as non-invasive positive-pressure ventilation for
the management of pulmonary edema.9
Bi-level positive airway pressure (BIPAP)
has two pressure levels, namely inspiratory
positive pressure (IPAP) and expiratory positive
airway pressure (EPAP). Its main indications are
for acute respiratory failure, acute hypercapnic
exacerbations of COPD, and reduction of
respiratory workload in obesity.1 Ventilation is
provided by the IPAP while EPAP recruits underventilated areas of the lung and offsets intrinsic
PEEP.2
Patients who fail NIMV and eventually
require IMV have significantly higher mortality
than patients placed on IMV from the beginning.5
It was also associated with longer hospital stays
and higher expenditures. Hence, there is a need to
come up with guidelines to identify patients
wherein NIMV failure is likely.5
The objective of this study was to determine
the predictors of failure in patients given NIMV at
the University of Santo Tomas Hospital (USTH), a
tertiary training hospital in Manila, Philippines.
Specifically, it aimed to describe the outcomes of
patients given NIMV and identify the predictors of
NIMV failure.
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METHODOLOGY
This was a retrospective review of records of
patients placed on NIMV at USTH from July 2011
to March 2013. Patients less than 19 years old, or
those placed on CPAP for the management of OSA
were excluded from the study.
In-patient charts of all patients satisfying the
inclusion/exclusion criteria were reviewed with
emphasis on the following: age; gender; ABG pH,
pCO2, pO2, reason for NIMV; site of care; and
ventilator mode. The charts were reviewed after
proper approval was secured from the attending
physicians. Approval from the USTH Hospital
Research Unit-Institutional Review Board was also
secured. The need for obtaining informed
consent was waived because this study was a
secondary analysis of existing data records of the
hospital.
The study outcome was NIMV success or
failure. NIMV success was defined as patient
discharge following NIMV. Failure was defined as
the presence of any of the three outcomes: IMV
(patients who were subsequently intubated and
placed on IMV); death (patient who died while on
NIMV); and IMV with death.
The target sample size was 296, computed
based on an alpha of 5% and a 5% degree of
freedom. Predictors were analyzed using a general
linear model with a 5% and 10% level of
significance using SPSS version 20.0.
RESULTS
A total of 76 patients were included in the
study. The mean age was 69.71 + 14.198 years
(Table 1). There were more females (57.9%) than
males (42.2%). The most common reason for
NIMV was that it was deemed appropriate by the
physician (64%) (Table 2). The primary indication
for NIMV was pneumonia (56.6%), followed by
COPD (10.5%), and as adjunct to extubation
(6.6%) (Table 3). Other indications for which
NIMV was instituted were asthma, structural lung
diseases, cardiac causes, central causes,
neuromuscular disorders, metabolic disorders,
cancer, and venous thromboembolism (VTE).
Most patients ere placed on ACMV mode

Table 1. Demographic profile
Sex

Frequency

Percent

Male

32

42.1%

Female
TOTAL

44
76

57.9%
100%

Age (n=76)
Mean (Range)
Std. error
69.71 years (32-93)
1.629

Std. dev
14.198

Table 2. Reason for instituting non-invasive mechanical
ventilation
Reason
Deemed appropriate by the
physician
Advance directive or
refused intubation

Frequency

Percent

64

84.2%

11

14.5%

Failed attempt at intubation

1

1.3%

TOTAL

76

100.0%

Table 3. Indication for non-invasive mechanical
ventilation
Indication
Pneumonia
Chronic obstructive
pulmonary diseases

Frequency
43

Percent
56.6%

8

10.5%

Asthma

2

2.6%

Structural lung disease

4

5.3%

Cardiac cause

3

4.0%

Central cause

2

2.6%

Neuromuscular cause

4

5.3%

Metabolic cause

1

1.3%

Adjunct to extubation

5

6.6%

Cancer

3

3.9%

Venous thromboembolism

1

1.3%

TOTAL

76

100.0%

(Table 4) and were admitted to regular pay rooms
(Table 5).
The over-all success rate was 53.9% (failure
rate of 46.1%) (Table 6). The failure rate was
higher in males (46.8%) compared with females
(45.45%) (Table 7).
Table 8 shows the outcomes according to
mechanical ventilation mode.
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Table 4. Ventilator mode used
Mode
Bilevel positive airway
pressure
Assist-control mechanical
ventilation
Continuous positive
airway pressure
TOTAL

Frequency

Percent

24

31.6%

50

65.8%

2
76

2.6%
100.0%

Table 5. Site of Care
Site of care

Frequency

Percent

Coronary care unit

13

17.1%

Cardiovascular unit

18

23.7%

Regular pay room
Clinical Division ward
TOTAL

43
2
76

56.6%
2.6%
100.0%

Frequency
41

Percent
53.9%

12
10
13
76

15.8%
13.2%
17.1%
100.0%

Table 6. Outcome
Outcome
Success
Failure
IMV
IMV + death
Death
TOTAL

IMV, invasive mechanical ventilation.

The failure rate was highest among patients
given NIMV because of advanced directives by the
patient or refusal for IMV (63.63%) (Table 9). A
high failure rate (100%) was also observed in
patients with VTE (n=1) and neuromuscular
diseases (n=4) (Table 10). The number of patients
included in this study with these conditions is very
small, making results in these subsets inconclusive.
Success rates were highest in those given NIMV
because of cardiac causes (100%), asthma (100%)
and metabolic acidosis (100%) (Table 10).
In terms of site of care, success rate was
highest among those admitted at regular rooms
(58.14%), while failure rate was highest among
those admitted at the coronary care unit (53.85%)
(Table 11).
In terms of blood gas parameters, the failure
rate was highest among those with severe acidosis
(pH less than 7.2), hypoxemia (pO2 less than 60
mmHg) and normal pCO2 (35 to 45 mmHg)
(Tables 12, 13 and 14).
The reason for instituting NIMV was shown
to be a significant contributor in the success or
failure of NIMV, taking into account all other
factors mentioned in this study (r=0.636, p<0.05)
using a 95% level of certainty. This predictor could
account for 40.45% of the variation in the outcome

Table 7. Outcome in relation to sex
Failure
Sex

Success

IMV

IMV + death

Death

TOTAL

Male

17

6

5

4

32

Female

24

6

5

9

44

TOTAL

41

12

10

13

76

Death

TOTAL

IMV, invasive mechanical ventilation.
Table 8. Outcome in relation to ventilator mode used

Success

IMV

Failure
IMV + death

Bilevel positive airway pressure

15

2

4

3

24

Assist-control mechanical ventilation
Continuous positive airway pressure
TOTAL

25
1
41

9
1
12

6
0
10

10
0
13

50
2
76

Mode

IMV, invasive mechanical ventilation.
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Table 9. Outcome in relation to reason for non-invasive mechanical ventilation
Reason
Deemed appropriate by the
physician
Advance directive or refused
intubation
Failed attempt at intubation
TOTAL

Success

IMV

Failure
IMV + Death

Death

TOTAL

37

12

10

5

64

4
0
41

0
0
12

0
0
10

7
1
13

11
1
76

Failure
IMV + Death
8
1

Death
8

TOTAL
Failure
20
3

2

2

IMV, invasive mechanical ventilation.
Table 10. Outcome in relation to indication for non-invasive mechanical ventilation
Indication
Pneumonia
Chronic obstructive pulmonary
diseases
Asthma
Structural lung disease
Cardiac cause
Central cause
Neuromuscular cause
Metabolic cause
Adjunct to extubation
Cancer
Venous thromboembolism
TOTAL
IMV, invasive mechanical ventilation.

Success
23
5
2
2
3
1

IMV
4
2

1
4

1
2
1

2

40

13

Success
6
9
25
1
41

IMV
3
7
2
0
12

1
4
1

10

2
1
13

3
2
1
36

Death
2
0
11
0
13

TOTAL
13
18
43
2
76

Table 11. Outcome in relation to site of care
Failure
Site of care
Coronary care unit
Cardiovascular unit
Regular pay room
Clinical Division ward
TOTAL

IMV + Death
2
2
5
1
10

IMV, invasive mechanical ventilation.
Table 12. Outcome in relation to arterial pH
Failure
pH
<7.2
7.2-7.35
7.36-7.45
>7.45
TOTAL

Success
0
19
12
8
39

IMV
3
6
2
1
12

IMV + Death
0
4
2
3
9

Death
0
6
3
4
13

TOTAL
FAILURE
3
16
7
8
34

TOTAL
3
35
19
16
73

IMV, invasive mechanical ventilation.
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(Tables 15 and 16).
Decreasing the level of certainty to 90%, age
and gender were significantly associated with
NIMV outcomes, with females more likely to fail
(r=0.154; p=0.094). Younger patients were less
likely to fail (r=0.24; p=0.084). The total variation
in outcome could be explained by gender in 2.37%,
and by age in 5.76% only (Tables 15 and 16).
The interaction effects of sex and pH, and pH
and pCO2, were significantly related to success

among patients placed on BIPAP (p=0.03 for both)
at 95% certainty. The interaction effects of age and
pH were significantly related to failure (p=0.097) at
90% certainty.
The interaction effects of age and sex, and
between pH and pCO2, were significantly related to
success among patients placed on ACMV (p=0.005
and 0.001, respectively) at 95% certainty. The
interaction effect of pCO2 and site of care was
significant at 90% certainty (p=0.087).

Table 13. Outcome in relation to pO2
Failure
pO2 (mmHg)
<60

Success
3

IMV
1

IMV + Death
3

Death
3

TOTAL
10

60-80

14

5

0

1

20

>80

22

6

6

9

43

TOTAL

39

12

9

13

73

Death
3
5
1
4
13

TOTAL
12
13
26
22
73

IMV, invasive mechanical ventilation.
Table 14. Outcome in relation to pCO2
Failure
pCO2 (mmHg)
<35
35-45
45-60
>60

Success
7
6
13
13
39

TOTAL
IMV, invasive mechanical ventilation.

IMV
0
1
8
3
12

IMV + Death
2
1
4
2
9

Table 15. Correlation of predictors with outcome (95% certainty)
R

R-Square

F Test

p-value

Age

Variable

0.83

69.5%

1.109

0.413

Sex

0

0%

0.013

0.91

pH

0.68

46.7%

1.75

0.284

pCO2

2.927

15.1%

0.35

0.125

pO2

0.9975

99.5%

8.709

0.049

Reason

0.33

10.89%

4.304

0.017

Site of care

0.11

1.21%

0.266

0.849

Ventilator mode

0.21

4.5%

1.052

0.375

R≥0.50: strongly correlated.
R2, explanatory power of a predictor to the dependent variable
(outcome).
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Table 16. Predictors contributing to non-invasive mechanical ventilation success or failure
Standardized
Coefficients (R)

Coefficient of
Determination (R2)

p-value

Age

-0.24

5.76%

0.084

significant with 90% certainty

Sex

0.154

2.37%

0.094

significant with 90% certainty

pH

0.107

1.14%

0.913

not significant

pCO2

-0.114

1.30%

0.925

not significant

pO2

0.155

2.40%

0.334

not significant

Reason

0.636

40.45%

<0.05

significant with 95% certainty

Site of care

0.093

0.86%

0.684

not significant

Ventilator mode

0.049

0.24%

0.701

not significant

Parameters

Interpretation

Dependent Variable: Outcome

Table 17. Predictors of non-invasive mechanical ventilation failure (controlled)
Standardized
Coefficients
R

Coefficient of
Determination
R-Square

p-value

Interpretation

Age

-0.087

0. 76 %

0.619

Sex

0.166

2.76 %

0.341

NS
not significant

pH

0.267

7.13 %

0.127

not significant

pCO2

-0.271

7.34 %

0.12

not significant

PO2

-0.172

2.96 %

0.332

not significant

Reason

0.594

35.28 %

0

significant with 95% certainty

Site of care

0.392

15.37 %

0.02

significant with 95% certainty

Predictor

The interaction effects of age and site of care
were significantly related to failure among patients
placed on ACMV (p=0.064) at 90% certainty. The
interaction effects of pH and pCO2, and between
pH and pO2, were at 95% certainty (p=0 and
0.002, respectively).
No significant pairs of predictors were proven
to contribute to the success or failure of those who
used CPAP.
At 5% level of significance, there was no
significant difference in the success or failure of
BIPAP, NIMV or CPAP (p=0.643).
Analysis controlling for other variables (95%
certainty) found that the reason for instituting
NIMV and site of care were found to significantly
contribute to failure (Table 17). The total
fluctuation in the outcome could be accounted to

these two factors in 35.28% and 15.37%,
respectively.
DISCUSSION
The failure rate of NIMV in our institution is
notably higher than the failure rates of NIMV in
previous studies, and this may be attributed to
several factors. In most of the previous studies, the
indications for instituting NIMV were acute
respiratory failure due to COPD and cardiogenic
pulmonary edema.2,4-6 In contrast, in this study, the
primary indication for the use of NIMV was
pneumonia, which comprised more than half of the
population studied. COPD, which is one of the
indications with strong evidence of success,
accounted for only 10.5% of the total population
studied. In a study by Ambrosino et al, pneumonia

Vol. 16 | Issue 01 | Mar. 04, 2015

18

Predictors of NIMV failure
was associated with failure.6
A high failure rate was noted among those
given NIMV because of advanced directives or
DNI orders. This outcome was somewhat
explicable, and according to Schonhofer et al., the
benefit of NIMV for patients with DNI orders was
supported only by intermediate level of evidence.8
This subset of patients may have significantly
contributed to the high failure rate. However, even
if these patients were excluded, the failure rate was
still high at 42%.
Another factor that could explain the high
failure rate was the lack of institutional guideline or
protocol for this intervention. The British Thoracic
Society guideline on the use of NIMV enumerated
the following as the minimum facilities needed in
order for NIMV service to be successful: (1) a
consultant committed to developing an noninvasive ventilation (NIV) service; (2) nurses on a
respiratory ward, high dependency unit, or
intensive care unit who are keen to be involved in
NIV; (3) an intensive care unit to provide back-up
for patients who do not improve on NIV; (4) a noninvasive ventilator and a selection of masks.2 Not
all of these requirements are present in our
institution, specifically, a respiratory unit with
nurses who are adept in NIMV. The selection of
masks is also limited in our institution. These may
have contributed to the failure rate; however, these
factors were not taken into account in this study.
Most of the previous studies showed that
BIPAP was the most common ventilator mode used
for NIMV. In this study, ACMV, a volumetric
mode, was the most common mode used. Looking
into the outcome based on the ventilator mode
used, it can be noted that there was no statistically
significant difference in outcomes between the
different modes used. However, in terms of
percentages, those who were placed on BIPAP
indeed had higher success rates.
Sixty-six percent of those who failed NIMV
died, which highlights that patient selection for
NIMV is crucial. The indications and
contraindications for the use of NIMV should be
thoroughly reviewed for each patient.
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There is a high failure rate observed in patients
placed on NIMV due to advanced directives.
Therefore, it should be emphasized to the patient
and relatives that instituting such measures will not
likely improve survival, especially if cost is an
issue.
Among the parameters measured, only the age,
sex and reason for NIMV was correlated with
success; while the reason for NIMV and the site of
care were significantly related with failure.
Similar to previous studies, this study failed to
establish the exact blood gas parameters that predict
success or failure. However, correlations were
established when paired with other parameters, such
that age and sex, pH and pCO2, and pCO2 and site
of care were significantly associated with failure.
This study encompassed the experience of this
institution in the use of NIMV for the past two
years. Since this study primarily involved chart
review, the precision of data gathered was
dependent on the completeness and accuracy of the
chart. The investigators were limited to the available
data, and ambiguity, lacking information and
questions that may only be resolved via interview
and actual examination of patients were not
addressed.
CONCLUSION AND RECOMMENDATIONS
The age, sex, and the reason for instituting
NIMV should be given a higher degree of
consideration in the decision to give NIMV, while
the reason for instituting NIMV and the site of care
are crucial parameters that predict failure. While
individual parameters did not significantly correlate
with outcome, using a group of parameters was
found to correlate more with outcomes. Thus,
developing a scoring system using the above
parameters may aid in patient selection. The benefit
of instituting NIMV in patients with advanced
directives should also be reconsidered.
This study failed to achieve the target sample
size; therefore, a larger sample size is needed to
validate the results of this study. Aside from patient
selection, the standard of care, which could not be
accounted for and was beyond the scope of this

Joson-Vergara ISD et al
study, should be taken into consideration. Its
impact in outcomes should also be investigated in
future studies.
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CAP-PIRO score and ICU mortality
PROSPECTIVE STUDY

Evaluating the Utility of the CAP-PIRO Scoring System in
Adult Patients with Severe Community Acquired
Pneumonia at Chong Hua Hospital
Yvonne Bettina E. Montejo, MD; Albert L. Rafanan, MD, FPCCP; Rodolfo Roman Bigornia,
MD, FPCCP
Introduction: Community-acquired pneumonia (CAP) is a common and potentially serious illness.
The Predisposition, Infection, Response, and Organ dysfunction (PIRO) score, a new system for risk
stratification for the grading of sepsis and CAP, uses clinical and laboratory parameters to aid
diagnosis and patient classification. This study aimed to apply the CAP-PIRO Scoring system to
predict mortality in adult patients with severe CAP admitted to the Chong Hua Hospital Intensive Care
Unit (ICU) from January to December 2012, as a prognostic index.
Methods: This was a prospective observational study involving adult severe CAP patients admitted in
the ICU in Chong Hua Hospital. It correlated the outcomes of these patients to their respective CAPPIRO scores.
Results: This study involved 78 patients. All risk determinants included in the CAP-PIRO scoring
system were significantly associated with higher risk scores. The proportion of patients in each risk
group were as follows: 42.3% for very high risk; 29.5% for high risk; 14.1% for mild risk; and 14.1% for
low risk. The greater proportion in the higher risk groups suggested high mortality. High risk level on
the CAP-PIRO scoring system was associated with increased mortality (p=0.005). The CAP-PIRO
scoring system was statistically correlated with the APACHE II scores (r=0.682, p-value=0.000). There
was no significant correlation with the length of ICU stay and duration of mechanical ventilation. The
CAP-PIRO High Risk score had a sensitivity of 73% (95% CI 46%, 99%) and specificity of 56% (95%
CI 39%, 73%) in predicting mortality. The respective indices with the Very High Risk score were 87%
(95% CI 73%, 100%) and 59% (95% CI 42%, 76%).
Conclusion: This study showed an excellent correlation between the CAP-PIRO score and the
APACHE II score as well as mortality rate.
INTRODUCTION
Community-acquired pneumonia (CAP) is
defined as an acute infection of the pulmonary
parenchyma in a patient who has acquired the
infection in the community, as distinguished from
hospital-acquired (nosocomial) pneumonia. CAP
is a common and potentially serious illness. It is
associated with considerable morbidity and
mortality, particularly in elderly patients and those
with significant comorbidities.1,2
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The approach to the patient with CAP begins with
the clinical evaluation followed by chest
radiograph with or without microbiologic testing.3
A chest radiograph should be obtained in patients
with suspected pneumonia when possible. A
demonstrable infiltrate by chest radiograph or
other imaging technique is required for the
diagnosis of pneumonia, according to the 2007
consensus guidelines from the Infectious Diseases
Society of America (IDSA) and the American
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Thoracic Society (ATS).2
In a meta-analysis done by Fine et al, the
overall mortality for the 33,148 CAP patients in all
127 study cohorts was 13.7%, ranging from 5.1%
for the 2,097 hospitalized and ambulatory patients,
to 36.5% for the 788 intensive care unit (ICU)
patients. Mortality varied by pneumonia etiology,
ranging from less than 2% to greater than 30%.
Eleven prognostic factors were significantly
associated with mortality: male sex (OR 1.3; 95%
CI 1.2, 1.4); pleuritic chest pain (OR 0.5; 95% CI
0.3, 0.8); hypothermia (OR 5.0; 95% CI 2.4, 10.4);
systolic hypotension (OR 4.8; 95% CI 2.8, 8.3);
tachypnea (OR 2.9; 95% CI 1.7, 4.9); diabetes
mellitus (OR 1.3; 95% CI 1.1, 1.5); neoplastic
disease (OR 2.8; 95% CI 2.4,3.1); neurologic
disease (OR 4.6; 95% CI 2.3, 8.9); bacteremia (OR
2.8; 95% CI 2.3, 3.6); leukopenia (OR 2.5; 95% CI
1.6, 3.7); and multilobar radiographic pulmonary
infiltrates (OR 3.1; 95% CI 1.9, 5.1).4
Sepsis is very similar to cancer in many ways.
Both disease processes are common, with high
mortality rates. Both are the result of a complex
pathophysiological process involving cellular
dysregulation. Both can develop in any organ, and
both frequently require surgical and medical
therapies. These similarities led to the suggestion
that a disease stratification system similar to the
TNM system for cancer could be developed for
sepsis.5 The IRO system (insult, response, and
organ dysfunction) was a system for sepsis risk
stratification that emerged from the Fifth Toronto
Sepsis Roundtable held in Toronto, Canada in
October 2009. This later became the PIRO system
(predisposition, insult, response, and organ
dysfunction) at the 2011 conference. The PIRO
system for the grading of sepsis uses clinical and
laboratory parameters to aid diagnosis and patient
classification, with each element being divided
according to the degree of involvement. As with
the TNM system, it has been proposed that points
could be allocated such that a patient with sepsis
could be staged, depending on the features for each
of the four PIRO components.
In 2003, an international panel of experts
provided the basis for introducing the PIRO

concept as a hypothesis-generating model for
future research.5 The elements of the PIRO concept
are as follows: predisposition (i.e., chronic illness,
age, and comorbidities); insult (i.e., injury,
bacteremia, and endotoxin); response (i.e.,
neutropenia, hypoxemia, and hypotension); and
organ dysfunction. Moreno et al used the PIRO
concept to construct a 12-variable model for
severity assessment in septic patients admitted to
ICU.6
Recent studies estimated a 20% to 30%
mortality rate in immunocompetent patients
admitted to the ICU for severe CAP in spite of
aggressive supportive and appropriate antibiotic
therapy.7 The epidemiology of severe CAP is
variable
in different
settings,
and
its
pathophysiology is complex.8 It should be viewed
as a systemic disease with persistent inflammation
plus activation of the immune response and
interaction with coagulation pathways.9 Many
severe CAP patients experience a delay in ICU
admission.10 Under these conditions, a new
paradigm of management is suggested based on
early identification of patients at risk, aggressive
management, and need for adjunctive therapy.
Systematic use of objective severity-of-illness
criteria to aid site-of-care decisions for pneumonia
patients, such as the Pneumonia Severity Index, the
British Thoracic Society CURB-65 (Confusion,
Urea, Respiratory rate, Blood pressure, age ≥65
years), or the criteria by the IDSA/ATS, is
emerging as a step forward in patient management.
Experience with the PIRO score, which
incorporates key signs and symptoms of sepsis and
important CAP risk factors, may represent an
improvement in staging severe CAP. In addition, it
has been suggested that implementing a simple
care bundle in the emergency department will
improve management of CAP, using five evidencebased variables, with immediate pulse oximetry
and oxygen assessment as the cornerstone and
initial step of treatment.11
This study aimed to apply the CAP-PIRO
Scoring system to predict mortality in adult severe
CAP patients admitted in Chong Hua Hospital ICU
from January to December 2012, as prognostic
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index in severe CAP patients. Its specific
objectives included: (1) to apply the CAP-PIRO
Scoring system within 24 hours of admission; (2)
to classify patients according to the different PIRO
score level of risk, namely low risk (0 to 2 points),
mild risk (3 points), high risk (4 points), and very
high risk (5 to 8 points); (3) to determine incidence
and mortality of the different PIRO score variables;
(4) to determine the mean length of ICU stay, the
need for mechanical ventilation and the mean
length of mechanical ventilation for the different
CAP-PIRO scoring levels; (5) to determine
whether there was a correlation among the CAPPIRO scoring levels and the Acute Physiology and
Chronic Health Evaluation II (APACHE II) scores,
the length of ICU stay, and the duration of
mechanical ventilation; and (6) to determine the
sensitivity and specificity of the CAP-PIRO high
and very high risk scores and the APACHE II high
risk cut-off scores in predicting mortality for
patients with severe CAP.
METHODOLOGY
This was a prospective observational study
on adult patients with severe CAP admitted in the
ICU of Chong Hua Hospital from January to
December 2012. It included patients aged 19 years
old and above, with conclusive evidence of severe
CAP confirmed by chest radiograph and clinical
findings. Patients admitted at the wards or
transferred to another institution were excluded
from the study. Patients with long-term care
facility and nursing-home-associated-pneumonia or
recent hospitalization (less than 3 months) were
also excluded.
The diagnosis of severe CAP is based on the
ATS/IDSA CAP guidelines. The presence of at
least one major criterion or three minor criteria
classified the patient as having severe CAP. Major
criteria included invasive mechanical ventilation
and septic shock with the need for vasopressor.
Minor criteria were the following: respiratory rate
greater than or equal to 30 breaths per minute;
arterial oxygen partial pressure (PaO2) over
fraction of inspired oxygen (FiO2) ratio of greater
than or equal to 250; multilobar infiltrates; confu-
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sion or disorientation; uremia (blood urea nitrogen
greater than or equal to 20 mg/dL); leukopenia
(white blood cell count less than 4,000 cells/mm3);
thrombocytopenia (platelet count less than 100,000
cells/mm3); hypothermia (core body temperature
lower than 36oC); and hypotension requiring
aggressive fluid resuscitation.
A severity assessment score was developed
based on the PIRO concept. Predisposition
pertained to comorbidities (such as chronic
obstructive pulmonary disease [COPD] or an
immunocompromised state) and age over 70 years.
Insult included multilobar opacities in chest
radiograph or bacteremia. Response pertained to
shock or severe hypoxemia. Organ dysfunction
pertained to acute renal failure (ARF) and acute
respiratory distress syndrome (ARDS). ARDS
definition was based on the American European
Consensus Conference definition, which included a
PaO2/FiO2 of less than 200 or less than 300,
regardless of positive end-expiratory pressure
level; bilateral infiltrates on a frontal chest
radiograph; a pulmonary artery occlusive pressure
of 18 mmHg or less when measured, or no clinical
evidence of left atrial hypertension; and an acute
onset.
One point was given to each of these conditions
present in the patient, for a PIRO score ranging
from 0 to 8. PIRO scores were then classified as
low risk (0 to 2 points), mild risk (3 points), high
risk (4 points), and very high risk (5 to 8 points).
The Figure illustrates the PIRO score system.
The patients are observed until death or
hospital discharge, with hospital mortality being
the primary endpoint. The CAP-PIRO scores were
then correlated with the primary outcome, as well
as the length of ICU stay, the need for mechanical
ventilation, and length of mechanical ventilation
for patients with Severe CAP as secondary end
points.
Statistical analysis
All categorical data were expressed in
frequency and percentages. Continuous data were
expressed as means, standard deviations, and
ranges. Chi-Square Test of Independence was used
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PREDISPOSITION
Comorbidities (COPD or
immunocompromised state)
Age > 70 years

1 point

1 point

INSULT
Bacteremia
Multilobar opacities

1 point
1 point

RESPONSE
Shock
Severe hypoxemia

1 point
1 point

ORGAN DYSFUNCTION
ARDS
Acute renal failure

1 point
1 point

TOTAL SCORE
Interpretation
0 to 2 points: Low risk for ICU mortality
3 points: Mild risk for ICU mortality
4 points: High risk for ICU mortality
5 to 8 points: Very high risk for ICU mortality

CAP, community-acquired pneumonia; PIRO, predisposition,
insult, response, organ dysfunction; COPD, chronic obstructtive pulmonary disease; ARDS, acute respiratory distress
syndrome; ICU, intensive care unit.

Figure. CAP-PIRO calculation

to test associations among categorical variables.
Kruskall Wallis Test (non-parametric distribution)
was used to test differences in means. Pearson r
Product Moment Correlation was used to correlate
the CAP-PIRO score with the APACHE II score,
the length of ICU stay, and the length of mechanical
ventilator use. Sensitivity and specificity indices
were computed using the various cut-off values of
CAP-PIRO and APACHE II scores to predict
mortality. A p-value of less than 0.05 was
considered significant. IBM-SPSS version 19 and
online calculators were used in processing the data.

RESULTS
The study included 78 patients (Table 1).
Using the CAP-PIRO scoring system, 42.3% of
patients were classified as very high risk; 29.5%
were high risk, 14.1% were mild risk, and 14.1%
were low risk. Table 1 also shows the distribution
of patients with the corresponding features used by
the CAP-PIRO system. This table also confirmed
the significant association between the patients’
CAP-PIRO risk classification with each of the
component features: age over 70 years (p=0.000);
co-morbidities (p=0.000); bacteremia (p=0.012);
multilobar opacities (p=0.000); shock (p=0.020);
severe hypoxemia (p=0.034); and ARDS or ARF
(p=0.001).
No significant differences in the length of
ICU stay (p=0.274), the use of mechanical
ventilator (p=0.386), and the duration of
mechanical ventilation (p=0.119) between the
different CAP-PIRO risk groups (Table 3).
There was a statistically significant positive
correlation between the CAP-PIRO score and the
APACHE II scores (r=0.682, p=0.000) (Table 4).
However, no such correlation was found between
the CAP-PIRO scores and patients’ length of ICU
stay and duration of mechanical ventilator usage.
As shown in the sensitivity and specificity
indices (Table 5), CAP-PIRO high risk scores had
a sensitivity of 73% (95% CI 46%, 99%) and a
specificity of 56% (CI 39%, 73%) in predicting
hospital mortality. The indices increased at the
very high risk group, to 87% (95% CI 73%, 100%)
and 59% (95% CI 42%, 76%), respectively. For
the risk groups using APACHE II scoring, the risk
score of 25-29 had the highest sensitivity of 58%
(CI 36%- 80%), with a specificity of 88% (CI
77%-99%). However, the risk scores of 30-34 and
>34 had higher specificities (94% and 97%,
respectively).
DISCUSSION
CAP is an acute illness with clinical features
of a lower respiratory tract infection with
radiologic infiltrates acquired from the community.
Patients with severe CAP had a high mortality rate
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Table 1. Distribution of severe CAP patients according to the CAP-PIRO variables and risk classification

Clinical
Variables

CAP-PIRO Score Risk Group
Low
Mild
(Score=0-2)
(Score=3)

Total

High
(Score=4)

Very high
(Score=5-8)

n

%

n

%

n

%

n

%

n

%

Overall

78

100%

11

14.1%

11

14.1%

23

29.5%

33

42.3%

Age group
< 70 years

41

53%

11

100%

9

82%

10

43%

11

33%

> 70 years

37

47%

0

0%

2

18%

13

57%

22

67%

Co-morbidities
Absent

3

4%

3

27%

0

0%

0

0%

0

0%

Present

75

96%

8

73%

11

100%

23

100%

33

100%

Bacteremia
Absent

68

87%

11

100%

11

100%

22

96%

24

73%

Present

10

13%

0

0%

0

0%

1

4%

9

27%

Multilobar
opacities
Absent

28

36%

10

91%

8

73%

9

39%

1

3%

Present

50

64%

1

9%

3

27%

14

61%

32

97%

41

53%

9

82%

7

64%

14

61%

11

33%

Present

37

47%

2

18%

4

36%

9

39%

22

67%

Severe
hypoxemia
Absent

20

26%

6

55%

4

36%

6

26%

4

12%

Present

58

74%

5

45%

7

64%

17

74%

29

88%

ARDS/ARF
Absent

23

29%

8

73%

4

36%

8

35%

3

9%

Present

55

71%

3

27%

7

64%

15

65%

30

91%

Shock
Absent

pvalue

0.000

0.000

0.012

0.000

0.020

0.034

0.001

CAP, community-acquired pneumonia; PIRO, predisposition, insult, response, organ dysfunction; ARDS, acute respiratory distress
syndrome; ARF, acute renal failure.

at 20% to 30%.12 Severe CAP is a progressive
disease, and in the event of an evolution from a local
to a systemic infection, the following spectrum of
sepsis-related complications may develop: sepsis,
severe sepsis, septic shock, and multi organ
dysfunction.
Early identification of patients at risk of severe
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CAP can aid patient management. Although age
is an important risk factor for the development of
CAP, comorbidities also play and important part
in determining the risk for pneumonia and disease
severity. Physicians should therefore take into
account any history of COPD, renal insufficiency
or dialysis, chronic heart failure, coronary artery
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Table 2. Hospital mortality of severe CAP patients
according to CAP-PIRO risk classification
CAP-PIRO
Score
classification

Patient outcome
Improved
(n, %)

Died
(n, %)

Very high

13

28%

20

65%

High

15

32%

8

26%

Mild

9

19%

2

6%

Low

10

21%

1

3%

Total

47

100%

31

100%

x2=12.69, df=3, p=0.005.
CAP, community-acquired pneumonia; PIRO, predisposition, insult, response, organ damage.

disease, diabetes mellitus, malignancy, chronic
neurologic disease, or chronic liver disease or
alcohol abuse when determining patient management. In patients older than 60 years, risk is further
increased by the presence of asthma, alcoholism,
immunosuppression, or institutionalization.13
A
new
conceptual
framework
for
understanding sepsis, called the PIRO concept, is a
classification scheme that can stratify patients
based on their predisposing conditions, the nature
and extent of the insult, the nature and magnitude
of the host response, and the degree of concom-

itant organ dysfunction. The CAP-PIRO score is a
concept-based score that is applicable in the setting
of severe CAP. This new clinical severity
assessment score is calculated based on a set of
variables determined within 24 hours after ICU
admission.14 All aspects of the four components of
the PIRO system affect outcomes and can influence
therapeutic choices.
This study involved 78 cases. Cross-sectional
analysis showed all risk determinants included in
the CAP-PIRO scoring system had significant
impact on risk classification (Table 1): age over 70
years (p=0.000); the presence of comorbidities
(p=0.000); bacteremia (p=0.012); multilobar
opacities (p=0.000); shock (p=0.020); severe
hypoxemia (p=0.034); and presence of ARDS and
ARF (p=0.001).
Current opinion holds that the genetic makeup
of an individual is likely to be a major determinant
of their lifetime predisposition to sepsis.15
However, predisposing factors such as age,
immunocompromised states, or comorbidities are
also associated with an increased risk of developing
severe CAP.
The CAP-PIRO score also identified age and
the presence of comorbidities (such as COPD and
immunocompromised states) as predisposing
factors affecting outcome in those with severe CAP

Table 3. Mean length of ICU stay, use of mechanical ventilator and mean length on mechanical ventilator of severe CAP
patients by CAP-PIRO risk classification
CAP-PIRO Scoring

Clinical variables

Low
(n=11)

Mild
(n=11)

High
(n=23)

Very high
(n=33)

p-value

5.64 + 3.17

9.82 + 8.40

5.78 + 4.55

7.82 + 7.39

0.274

1-10

1-22

1-19

1-25

9 (82%)

11 (100%)

20 (87%)

31 (94%)

0.386

3.73 + 2.80

7.91 + 9.41

3.61 + 2.82

6.97 + 7.74

0.119

0-8

1-32

0-9

0-36

Length of ICU stay (days)
Mean + SD
Range
Mechanical ventilator use (%)

Duration of mechanical ventilation (days)
Mean + SD
Range

ICU, intensive care unit; CAP, community-acquired pneumonia; PIRO, predisposition, insult, response, organ damage.
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admitted to the ICU.14 A study done by Kaplan et al
in the United States showed that the overall
hospitalized mortality of severe CAP patients was
10.6%, with a doubling from 7.8% in those aged 65
to 69 years, to 15.4% in those aged 90 or older.16 In
a secondary analysis of a prospective study in
which 428 immunocompetent patients admitted to
the ICU for severe CAP were evaluated, all patients
were stratified according to the presence or absence
of COPD. In total, 176 COPD patients were
compared with 252 non-COPD patients. COPD
proved to be an important risk factor for mortality.
In COPD patients, both mechanical ventilation (OR
2.78; 95% CI 1.63, 4.74) and ICU mortality (OR
1.58; 95% CI 1.01, 1.43) rates were higher than in
non-COPD patients.17 Indeed, our present study
confirmed that in our setting, age over 70 years
(p=0.000) and the presence of comorbidities
(p=0.000) were significantly associated with higher
risks of the CAP-PIRO scoring.
Age, comorbid states, and immunocompromised states are part of a patient’s
predisposition, which also include gender and

Table 4. Correlation between the CAP-PIRO Score and
the APACHE II scores, the length of ICU stay, and the
duration of mechanical ventilation
Correlation
coefficient

Variables

p-value

APACHE II scoring

0.682

0.000

Length of ICU stay
Duration of mechanical
ventilation

0.078

0.495

0.121

0.291

CAP, community-acquired pneumonia; PIRO, predisposition,
insult, response, organ dysfunction; APACHE II, Acute
Physiology and Chronic Health Evaluation II; ICU, intensive
care unit.

antimicrobial medication.18 All these factors
individually and collectively can impact on
outcome, modifying both the disease process and
the approach to therapy.
Four aspects related to the underlying
infection can influence management and prognosis
in patients with sepsis: source, degree, hospitalacquired versus community-acquired, and the
microorganism.19 The timing of the onset of

Table 5. Sensitivity and Specificity of CAP-PIRO High and Very High Risk scores and the APACHE II Scores in
predicting hospital mortality in patients with severe CAP
Risk category

Sensitivity

Specificity

Estimate (95% CI)

Estimate (95% CI)

Positive Predictive
Value
Estimate (95% CI)

Negative Predictive
Value
Estimate (95% CI)

CAP-PIRO Score
High risk
(4 points)
Very high risk
(5-8 points)
APACHE II Score

73% (46%, 99%)

56% (39%, 73%)

35% (15%, 54%)

86% (72%, 100%)

87% (73%, 100%)

59% (42%, 76%)

61% (44%, 77%)

86% (72%, 100%)

20-24

38% (12%, 65%)

50% (28%, 72%)

33% (9%, 57%)

56% (33%, 79%)

25-29

58% (36%, 80%)

88% (77%, 99%)

73% (51%, 96%)

79% (66%, 92%)

30-34

38% (12%, 65%)

94% (85%, 100%)

71% (38%, 100%)

79% (66%, 92%

>34

20% (0%, 45%)

97% (91%, 100%)

67% (13%, 100%)

79% (66%, 92%)

CAP, community-acquired pneumonia; PIRO, predisposition, insult, response, organ dysfunction; APACHE II, Acute Physiology and
Chronic Health Evaluation II.
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infection may also influence outcomes. One study
showed that patients who developed septic shock
within 24 hours of ICU admission were more
severely ill, but had better outcomes, than patients
who became hypotensive later during their ICU
stay.20 The CAP-PIRO score identified the
presence of bacteremia and the presence of
multilobar opacities on chest radiographs as being
associated with worse outcomes in severe CAP
patients.14 This is in agreement with our present
study which demonstrated that the presence of
bacteremia (p=0.012) and multilobar opacities
(p=0.000) were significantly associated with
higher CAP-PIRO scores and worse outcomes in
terms of mortality. However this was in contrast to
the recent reanalysis of the Community-Acquired
Pneumonia Intensive Care Unit (CAPUCI) study,
in which patients with severe CAP requiring ICU
admission were assessed, and has suggested that
radiologic progression of pulmonary infiltrates is a
significant adverse prognostic feature; but that
bacteremia levels appeared not to affect patient
outcomes.21
Sepsis is defined as the host response to
infection, yet that host response has been difficult
to characterize.22 Various approaches have been
proposed, including the presence of characteristic
signs and symptoms, or the degree of elevation of
biological markers. The host response to infection
thus varies between patients and with time in the
same patient.23 Hypoxemia is one of the cardinal
signs of severe CAP. In conjunction, the presence
of hypotension and shock are important points
when assessing severity in severe CAP patients.
Severe hypoxemia and shock were identified as
independent factors associated with worse
outcomes in the CAP-PIRO score.14 This study
noted similar results in terms of the host response
to infection, with higher CAP-PIRO scores and
worse outcomes in patients with shock (p=0.020)
and severe hypoxemia (p=0.034).
Two organ dysfunctions related with
outcomes in severe CAP patients were ARDS and
ARF, which are included in the CAP-PIRO
score.14 Death within 72 hours of ICU admission is

typically associated with shock and respiratory
failure, and later mortality is typically associated
with development of organ failure. When organ
failure is present at admission or develops within
24 hours from ICU admission, the prognosis is
even worse. Recently, it was described that the
presence of ARF is independently associated with
higher mortality in patients with an appropriate
antibiotic treatment.24 Similar to results of Rello et
al, the present study showed higher CAP-PIRO
scores and worse outcomes in patients with ARDS
and ARF (p=0.001). Indeed, all risk profiles
included in the CAP-PIRO scoring system were
significantly associated with higher risk scores.
The present study showed that more patients
with severe CAP admitted to the ICU were in the
higher CAP-PIRO risk levels (very high risk:
42.3%; high risk: 29.5%; mild risk: 14.1%; and low
risk: 14.1%), suggesting also increased morbidity in
these patients. This could be due to delayed seeking
of medical care in patients with severe CAP, such
that they are already clinically worse upon
admission to the ICU.
The high rates of mortality due to severe CAP
are highlighted by the Pneumonia Patient
Outcomes Research Team prospective study, which
compared characteristics of 170 patients who
required ICU admission against 1,169 patient who
did not.25 This study showed that CAP was the
primary cause of hospital death in both groups
(73% in ICU patients vs 74% in non-ICU patients).
Mortality was almost four times higher in ICU
patients than in non-ICU patients (18% vs 5%;
p<0.0001). The CAP-PIRO score was significantly
associated with mortality in severe CAP patients
admitted in the ICU. Those with higher scores
comprised most of the deaths in this patient group
(p=0.005) (Table 2). The mortality rates for severe
CAP in our study according to PIRO level were
60.6% for very high risk; 36.4% for high risk;
18.2% for low risk; and 9.1% for mild risk.
These rates are comparable to the results in the
study by Rello et al, which showed mortality rates
of 75%, 40%, 12% and 3% for very high risk, high
risk, low risk and mild risk groups, respectively.
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The cross-validation model by Rello et al also
revealed an excellent correlation between
increasing CAP-PIRO score and mortality rate
(p<0.001), as with this study. Moreover, the model
presented a good discrimination ability (area under
ROC curve=0.88; 95% CI 0.83, 0.90) and
outperformed the APACHE II score at admission
(p<0.05) and the ATS major criteria (p<0.05) for
mortality prediction.14
CAP-PIRO score was also associated with
increased healthcare resource utilization in CAP
patients admitted to an ICU, considering the
duration of mechanical ventilation and length of
stay (p<0.001).14 As noted in Table 3, our study did
not reveal significant between-group differences in
the length of ICU stay (p=0.274), use of
mechanical ventilator (p=0.386), and duration of
mechanical ventilator (p=0.119). This could
probably be due to patients with higher CAP-PIRO
scores having earlier mortality than those with
lower scores. Another reason would be that the
institution does not have a closed ICU system.
There are variations in terms of management
strategies, the choice of antibiotics (monotherapy vs
combination therapy) and the pathogenic organisms
involved. All these factors could significantly affect
outcomes in CAP patients.
As shown in the Table 4, the CAP-PIRO
scoring system was statistically correlated with the
APACHE II scores (r=0.682, p=0.000). Rello et al
showed that a CAP-PIRO score of 4 points or more
was associated with the best performance in
predicting 28-day mortality with a sensitivity of
86% and a specificity of 76%.14 This study
demonstrated that the CAP-PIRO High Risk group
(score of 4 points) had a sensitivity of 73% (95%
CI 46%, 99%) and specificity of 56% (95% CI
39%, 73%) in predicting mortality, while these
indices increased at the Very High Risk group
(score of 5-8 points) at 87% (95% CI 73%, 100%)
and 59% (95% CI 42%, 76%) for sensitivity and
specificity, respectively.
Meanwhile, for the APACHE II scoring, only
the cut-off values of 25 to 29 scores had relatively
high sensitivity at 58% (95% CI 36%, 80%), with a
respective specificity of 88% (95% CI 77%, 99%).
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However, specificity increased to 94% in those
with scores from 30 to 34, and 97% in those with
scores over 34 (97%).
This study is limited by some heterogeneity in
management strategies of the study population
which could significantly impact outcome. Other
factors that have been implicated in increasing
mortality in severe CAP patients include male sex
and specific pathogens that carry an increased risk
for severe CAP. The most common organisms
observed in patients admitted to the ICU are
Streptococcus pneumoniae, Legionella pneumophila, and Haemophilus influenzae. The most
common lethal pathogens are S. pneumoniae,
Pseudomonas aeruginosa, and L. pneumophila.
The latter two pathogens are frequently associated
with a need for mechanical ventilation.26
Future studies may look further into the
specific causative pathogens for severe CAP
impacting mortality. Other future areas of research
include the comparison of the CAP-PIRO system
to other severity assessment scores such as the
Simplified Acute Physiology Score III (SAPS III)
and the Sequential Organ Failure Assessment
(SOFA) score.
CONCLUSION
This study validated that all the components
of the CAP-PIRO scoring system for severe CAP
were significantly associated with higher risk
scores. A significant percentage of patients
admitted at Chong Hua Hospital for severe CAP
are sicker with higher CAP-PIRO scores. Majority
of these patients fall under the Very High Risk
category. Moreover, the higher the CAP-PIRO risk
level, the higher the increment rates of mortality
among the patients. There is an excellent
correlation between the CAP-PIRO score and the
mortality rate of the study population.
This study showed no significant differences
among the various CAP-PIRO risk groups in terms
of the length of ICU stay, use of mechanical
ventilator, and duration of mechanical ventilation.
The CAP-PIRO scoring system was
statistically correlated with the APACHE II scores.
The CAP-PIRO high risk and very high risk scores
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had very good sensitivity in predicting mortality
(73% and 87%, respectively). It likewise had a fair
specificity in predicting mortality (56% for high
risk scores and 59% for very high risk scores).
Meanwhile, for the APACHE II scoring system,
only the cut-off score of 25 to 29 had high
sensitivity at 58%.
The CAP-PIRO score is the first score
specifically designed for severity assessment in
severe CAP in an ICU setting. It is a simple tool to
use in severe CAP patients. The variables included
in the scoring system are also easily available.
Patients can be straightforwardly stratified into
different levels of severity, taking into account
progressive rates of mortality in the ICU in the
higher score levels.
This scoring system may be used in
marginalized centers or ICU settings because of its
simplicity. Therapy for severe CAP may then be
optimized based on this classification strategy,
since higher risk patients may benefit from more
aggressive management strategies or adjuvant
therapies.
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Determination of the Endotracheal Cuff Pressure
Time-Decay Using a Continuous Pressure
Monitoring Device
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Celeste Mae L. Campomanes, MD, FPCP, FPCCP; Ma. Janeth T. Samson, MD, FPCP,
FPCCP; Ricardo C. Zotomayor, MD, FPCP, FPCCP
Introduction: Endotracheal (ET) intubation is a common procedure done in the intensive care unit.
Maintaining adequate cuff pressure to prevent tracheal injury from over-inflation, and aspiration of
subglottic secretions due to under-inflation, can be a challenge as there is yet no recommendation at
this time regarding the frequency of monitoring ET cuff pressure in order to maintain adequate
pressures. The aim of this study was to determine the time for an ET cuff to achieve under-inflation.
Method: Patients aged greater than or equal to 19 years old who were intubated and admitted to
critical care units were included in this study. ET cuff pressures were monitored using the continuous
pressure monitor (MDT endotracheal cuff pressure monitor), designed specifically for this study,
recording cuff pressures every 30 minutes. Monitoring ended once recorded cuff pressures fell
below 20 cm H2O.
Results: The mean time to achieve under-inflation was 17.18 + 4.24 hours. Mean tube age was
5.70 + 3.82 days. Pearson r correlation of tube age and time to achieve under-inflation showed a
significant inverse relationship, suggesting that as the tube ages, the rate of cuff pressure decline
increases.
Conclusion: Measurement of the ET cuff pressure should be taken immediately after intubation and
set to recommended pressures (20 to 30 cm H2O). Monitoring of ET cuff pressures every 8 hours
may be sufficient to prevent under-inflation. However, tube age should be considered in the
frequency of monitoring since a shorter time-decay was demonstrated in older tubes.
INTRODUCTION
Endotracheal (ET) intubation is a frequently
performed procedure in the intensive care unit.1
Over-inflation of the ET tube cuff places patients
at risk of tracheal ischemia and consequent tracheal
injury. Conversely, under-inflation of the ET cuff
may increase the incidence of ventilator-associated
pneumonia. The cuff pressure must be sufficiently
high to avoid loss of gas from the lower respiratory
tract. Maintaining ET and tracheal cuff pressures
above 20 cm H2O is necessary to prevent leakage
of bacteria around the cuff into the lower respira-

tory tract. However, this pressure should be less
than 30 cm H2O to avoid tracheal injury.
Due to the high prevalence of ventilatorassociated pneumonia among critically ill patients,
new recommendations are being made to prevent
its occurrence. Among these new recommendations is regular monitoring and maintenance of
the ET cuff pressure.2-4
In our institution (St. Luke’s Medical Center),
there is no standardized protocol regarding cuff
pressure management. The ET tube pilot balloon is
digitally palpated to determine whether the ET
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tube cuff pressure is sufficiently inflated. However,
there is no specific frequency of monitoring.
Furthermore, unpublished data showed that digital
palpation was inaccurate in determine if the cuff
pressure is in the ideal range, and often results in
over-inflation. This may result in tracheal rupture,
tracheo-esophageal fistula and tracheo-carotid
artery erosion.
A local unpublished study by Micu et al
determined the rate of deflation of the ET cuff by
monitoring cuff pressures hourly with a handheld
manometer. However, loss of cuff pressure during
the process of monitoring may not have been
accounted for. The transfer of a small volume of air
from the ET cuff to the handheld manometer may
have contributed to the cuff pressure decline. We
hypothesized that continuous monitoring of the ET
cuff pressure may circumvent this limitation.
Maintaining adequate cuff pressure volumes
cannot be over-emphasized. However, no recommendation has yet been made as to the timing of
monitoring as well as the mode of monitoring.
Hence, the objective of this study was to determine
the rate of ET cuff time pressure decay using an
MDT ET cuff pressure continuous monitor. It
specifically aimed to determine the appropriate
frequency of ET cuff pressure monitoring based on
the mean time taken to achieve under-inflation; and
to determine the effect of tube age on the rate of ET
cuff pressure decay.
METHODOLOGY
This was an analytical cross-sectional study of
all intubated patients aged 19 years and above and
admitted at the St. Luke’s Medical Center critical
care units (Intensive Care Unit, Neuro Critical Care
Unit, and Coronary Care Unit). Patients with
known anatomical laryngotracheal abnormalities
and those who were previously intubated or
tracheostomized were excluded from the study.
The patients’ ET cuff pressures were measured
by a single observer. This was done every 30
minutes
using
a
handheld
manometer
®
(Mallinckrodt ) connected via a 3-way stopcock to
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an MDT ET cuff pressure monitor and an
intravenous extension tubing which was connected
to the pilot balloon of the ET cuff. The MDT ET
cuff pressure monitor was a device that was
locally manufactured specifically for use in this
study. This device can electronically measure
pressure in cm H2O via a pressure sensor. The
pressure sensor can measure pressures in the range
of 0 to 39.1 cm H2O. The handheld manometer
was used to record the initial cuff pressure and to
ensure calibration with the MDT cuff pressure
monitor. Initial cuff pressure was recorded at the
start of the end of the inspiratory phase and was
adjusted to a mean pressure of 28 cm H2O.
Monitoring ended once the recorded cuff pressures
fell below 20 cm H2O.
This study defined normal ET cuff inflation
was defined as 20 to 30 cm H2O. Over-inflation
was defined as cuff pressure over 30 cm H2O.
Under-inflation was defined as cuff pressure
measurement of less than 20 cm H2O
Statistical analysis
The Sloven Formula of sample size was used
in this study. A population of 577 patients were
admitted to the critical care units and 286 patients
were intubated in the past year. Using a confidence
interval of 95% and a margin of error of 0.05, a
sample size of 167 was computed to be the clinical
representative sample. However, only 43 patients
satisfied the criteria for inclusion during the study
period.
Data was analyzed using Statistical Package
for Social Science (SPSS) version 17. Pearson r
correlation was used to determine if a relationship
between the time of decay and age of the ET tube
existed, and the extent of that relationship.
Descriptive analysis was used to describe the time
to achieve under-inflation and the ideal frequency
for monitoring ET cuff pressures.
RESULTS
There were 43 patients (22 male, 21 female)
included in this study. Initial cuff pressures ranged
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Figure 1. Endotracheal cuff pressure of individual patients, showing overall trend of decay over time

from 14 to 97 cm H2O, with a mean of 36 + 4 cm
H2O.
Figure 1 illustrates the ET cuff pressures of all
of the subjects as recorded by the ET cuff pressure
monitor. It was observed that not all patients
exhibited a non-linear decline of pressure. This
was due to the regular recording of the MDT
endotracheal cuff pressure monitor which does not
consider the patients’ conditions (position,
presence of coughing, bedside care affecting spot
pressure readings) when recording.
Figure 2 shows the frequency of time to attain
under-inflation. We observe that in the majority
(93%) of patients, ET cuff pressures required more
than 8.5 hours before cuff pressures decreased to
less than 20 cm H2O.
Figure 3 shows the Pearson r correlation of
the effect of the tube age on the cuff decay-time.
The mean average of the time of decay among the
43 patients is 17.18 + 4.24 hours. The tube age
mean was 5.70 + 3.82 days. Pearson r correlation
between tube age and decay time was -0.40
(p<0.05). The degree of correlation was moderate.
The negative correlation implied as the tube aged,
the time to achieve deflation below 20 cm H2O
became shorter.

DISCUSSION
This study was the first in the Philippines to
use a continuous monitoring device to determine
the time of the ET tube to attain under-inflation
(less than 20 cm H2O pressure. In contrast to the
study of Micu et al, which previously determined
time-decay to be 2 to 4 hours, mean time decay in
this study was 17 ± 4 hours. Three patients
however reached under-inflation in less than 4
hours. These patients had ET tubes that were more
than 13 days old and required tube replacement
due to a busted ET cuff. The minimum time for the
ET cuff pressure to fall below 20 cm H2O was 8.5
hours.
The effect of tube age was also considered in
this study and was determined to have an inverse
correlation with time-decay of the ET cuff
pressures. This would translate to a need to do
more frequent monitoring of the ET cuff pressures
as the tube ages. Use of a continuous pressure
monitor similar to the device used in this study
may address this problem. Also, a continuous
pressure monitor would also be able to alert the
caregiver immediately of the presence of a busted
ET cuff, allowing for earlier intervention.
In comparison with earlier studies, only the
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Figure 2. Frequency distribution of patients according to time to under-inflation (<20 cm H2O)

initial pressure measurements were taken in the
same conditions of the patient in this study. The
subsequent monitoring was automated and may
not have been taken in the same position and phase
of respiration. The patient could have undergone
suctioning of secretions, diaper changes and other
hygiene measure, and other interventions such as
chest tube thoracotomy or central line insertions
during the course of monitoring.
Initial endotracheal cuff pressure was also set
higher (28 cm H2O), in contrast to earlier studies (26
cm H2O). One might argue that this may have
significantly affected the difference in outcomes of
the two studies. However, analysis of the individual
data of these patients demonstrated deflation time to
more than 4 hours even as recorded pressures fell
below 26 cm H2O.
One of the limitations of this study was the
availability of only a single monitoring device for
the study. This may have contributed to differences
in tube age of each of the patients. Also, greater
statistical power between the effect of tube age and
decay-time would have been achieved if each patient
was monitored until the endotracheal tube was
discontinued. Recording of the measured ET cuff
pressures were taken in variable conditions, which
may have resulted in a non-linear decline of
pressure. Due to this limitation, the rate of pressure
decline per hour could not be determined.
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CONCLUSION
Maintaining the recommended endotracheal
cuff pressure assumes an essential role in the
management of intubated patients in the prevention
of both ventilator-associated pneumonia and
tracheal stenosis. Measurement of the ET cuff
pressure should be taken immediately after
intubation to prevent over-inflation, which has
proven to be common when only digital palpation of
the pilot balloon is done. Time-decay was variable,
depending on the age of the tube.
This study showed a mean time-decay of 17 ±
4 hours, with a minimum time-decay of 8.5 hours.
As such, monitoring of the ET cuff pressures every
8 hours should prevent under-inflation and its
consequences. However, tube age should be
considered in the frequency of monitoring since a
shorter time-decay was demonstrated in older tubes.
RECOMMENDATIONS
Larger prospective studies to increase the power
of this study should be done. Measurement of the
pressure of different ET tubes and tracheostomy
tubes using the continuous monitoring device may
also reveal differences in the rate of time-decay.
Correlation of clinical outcomes such as incidence
of ventilator-associated pneumonia, laryngeal
edema, and need for tracheostomy with maintaining
the recommended ET cuff pressure may be of value.

Tube days

Arquiza JL et al

Time of decay
Figure 3. Pearson r correlation analysis of time of decay vs tube days
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INTRODUCTION
Tuberculosis (TB) is an infectious disease
caused by Mycobacterium tuberculosis and is
acquired mainly through the inhalation route. In
2012, an estimated 8.6 million people developed
TB and 1.3 million died from the disease
(including 320 000 deaths among people living
with human immunodeficiency virus (HIV).1 An
active TB case if left untreated may infect several
other people every year. However, not all persons
exposed to an infectious case will get the infection
or develop clinical disease. The probability of
transmission will depend on the clinical
characteristics of the source case, susceptibility of
the exposed person, the duration and closeness of
contact, and to the virulence of the infecting
strain.
As a measure to protect public safety,
screening for TB disease and infection is often
included in medical evaluations prior to
employment, entering school, traveling or
migrating to other countries or before undergoing
dental, endoscopic or surgical procedures.2-15 In
these situations, potential candidates are required
to undergo evaluation to determine whether they
have the disease or, if present, whether they pose
any health risk to others. Though the risk of
transmission to contacts may vary with each of
these settings, the clinician may rely on certain
basic principles in determining whether a TB case
is considered potentially infectious or not. This
article reviews the important factors determining
transmission of TB, focusing in particular on the
clinical characteristics of the source or index case
that may influence his ability to infect others.
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TRANSMISSION OF TB
TB is transmitted almost exclusively by the
airborne route through inhalation of mycobacteriacontaining “droplet nuclei”. Droplet nuclei are
created when people who have infectious TB in
their respiratory tract cough, talk, sneeze, sing or
play wind instruments. However, certain medical
procedures such as bronchoscopy, autopsy or even
irrigation of tuberculous abscesses may also
produce infectious aerosols, also exposing health
care workers, in particular, to the risk of TB
infection and disease.13
Studies on the potential of respiratory
maneuvers to produce bacteria-containing aerosols
show that a person may produce up to 210 particles
when speaking, up to 3,500 particles when
coughing, and up to a million particles when
sneezing. However, not all particles have the same
potential to infect since the largest and heaviest
ones will settle fairly quickly and harmlessly on
the ground and surfaces such as walls, furniture
and clothing. They do not constitute a significant
source of infection since bacteria in these particles
die quickly through the action of drying, heat or
sunlight. The smaller particles (less than 100
microns) lose some of their moisture content by
evaporation to form droplet nuclei with diameters 1
to 10 microns. These droplet nuclei have an
extremely low settling rate (0.2 to 0.5 mm per
second), which permits their transport by air
currents, duct system or elevator shafts for
significant distances from the source case. In
poorly ventilated spaces, droplet nuclei may stay in
the air for hours or even days.14-16
Some airborne particles around 5 to 10 mic-
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rons, when inhaled, are trapped in the mucus of the
upper airway. If the organisms impact on the
trachea or bronchi, they are usually swept back to
the larynx by ciliary action and cough, and then
swallowed.
Only the droplet nuclei in the size range of 1
to 5 microns reach the terminal air spaces or alveoli.
Animal and clinical studies estimate that 40% to
50% of droplet nuclei that reach the alveoli are
deposited. Each droplet nuclei contains only 1 to 3
bacilli, and in most instances, one such droplet
nucleus is believed to be responsible for
establishing infection in the host.14
TB is considered moderately infectious, with
infection developing in perhaps 30% to 50% of
those who have extended, close, indoor contact
with people with active disease. Measles, by
contrast, is considered highly infectious, with
infection developing in an estimated 80% of
susceptible people who come in contact with an
infected individual.15 However, there are clinical
situations where TB cases become even more
infectious than the usual measles cases, as in
autopsy- or intubation-related outbreaks.16
Successful transmission depends on: 1) the
characteristics of the source case; 2) susceptibility
of the exposed person(s); 3) frequency, duration
and ambient conditions of the exposure; and 4) the
virulence of the strain of TB bacilli. However, if a
particular TB strain was successfully transmitted, it
is difficult to say with certainty if it was because of
exceptional source strength, favorable environmental conditions, increased host vulnerability,
strain characteristics, or a combination of these
factors.17 Nevertheless, a big volume of data is
available from experimental and observational
studies which make it possible to determine with a
certain degree of certainty whether a TB case is
potentially infectious or not.
VARIABILITY OF INFECTIOUSNESS OF TB
CASES
Data from different sources have confirmed
that there is considerable variability among patients
with TB in their ability to produce potentially infec-

tious aerosols. Some TB patients are more
likely than others to infect their close contacts.18-20
This is well illustrated in the series of classical
experiments conducted by Riley and his
colleagues wherein guinea pigs in cages were
exposed to effluent air coming from a special ward
of TB patients in Baltimore Veterans
Administration Hospital. They found that only 3 of
77 (4%) of patients produced 35 of 48 (77%) of
the infections in one study,and only 8 of 61
patients (13%) produced all infections in a
subsequent study.20,21 Using a newly-developed
cough aerosol sampling system, Fenelly and coworkers showed that subjects differed in their
ability to produce measurable aerosol particles and
were able to detect cough-generated tuberculous
aerosols in only 4 (33%) of 12 subjects with
concurrent acid-fast bacilli (AFB)-positive sputa.22
Epidemiologic studies using contact
investigations in Rotterdam from 1967 to 1969,
showed that only 28% of all patients who were
sputum AFB positive transmitted infections.23
Brooks and colleagues also found variability in the
number of latent infections among contacts of 21
patients with TB. Eight patients (38%) had no
tuberculin skin-test positive contacts, another eight
(38%) had only one tuberculin skin-test positive
contact, but 11 of 13 contacts of one patient (5%)
were tuberculin skin test-positive.24
More recent molecular epidemiology studies
also suggest that certain patient characteristics
influence transmission of TB. Gender and age
were found to determine infectiousness to a certain
degree, with males and younger cases more likely
to transmit their disease than females and older
patients.25, 26 There is also some suggestion that
ethnicity or race may influence transmission, as a
study among TB patients in San Francisco showed
differences in the transmission index of United
States-born and foreign-born groups, and was
highest in blacks, particularly those aged below 35
years. The increased transmission in blacks was
not attributable to smear-positivity, HIV infection
nor to increased susceptibility to disease
progression.27
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The variability in the infectious potential of TB cases
may be attributable to individual differences in their
ability to aerosolize the bacilli and the number of
infectious particles subsequently generated during the
aerosolization process. These, in turn, depend of
several clinically identifiable factors.
FACTORS DETERMINING THE
INFECTIOUSNESS OF A SOURCE CASE

Site of Disease
For successful transmission to take place, a
patient with TB must be able to produce airborne
infectious droplets. The greatest potential of
transmission, as a rule, is seen in patients with
tuberculosis of the respiratory tract which account for
80 to 85% of all cases of TB. Droplet nuclei
containing viable TB bacilli are created by forceful
expiratory efforts such as coughing, sneezing, singing
and playing wind instruments. The largest numbers
of droplet nuclei are created during sneezing.28 While
TB of the lungs account for a big majority of
respiratory TB cases, laryngeal and endobronchial
TB, though relatively uncommon, may be equally or
even more infectious. In classic studies by Riley, one
patient with laryngeal TB was responsible for 14 of
the 63 infected animals and was calculated to
produce one infectious particle for every 200 cubic
feet of air, a density equal to measles cases.29
Extrapulmonary TB constitutes about 15% to
20% of all cases of TB in immunocompetent patients,
and accounts for more than 50% of the cases in HIVpositive individuals.30 Although thought to be less
infectious than pulmonary cases, patients with
extrapulmonary TB may also be possible sources of
outbreak. Infectious aerosols may also be produced
during certain medical procedures such as irrigation
of tuberculous abscesses and autopsy, promoting
transmission to exposed health workers.
A patient with genitourinary TB who
underwent a surgical procedure and who was
eventually found to have disseminated TB on autopsy
infected about 13% of 95 previously tuberculin skin
test (TST)-negative health workers. The risk was
highest among nurses present during irrigation and
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packing of the infected tissues.31
Similarly, exposure of health personnel
during incision and debridement of superficial skin
ulcers, and probably during daily irrigation and
dressing change have resulted in outbreaks of TB
infection.32,33 This propensity for transmission has
been attributed to the hydrophobicity of tubercle
bacilli which causes them to concentrate at the
surface of aqueous material so that even minor
disturbances render them airborne.34,35 This is
probably the reason why a study in Japan reported
that the incidence of TB was 6 to 11 times higher
among pathologists and technicians than in an
unexposed population, and that the risk was highest
among those who assisted in autopsies.36
Molecular techniques have also proven that
cases of extrapulmonary TB may also be associated
with transmission of disease. In a molecular
epidemiology study using DNA fingerprinting
techniques by Hernandez-Garduno and colleagues,
higher estimates of TB transmission were found
when patients with extrapulmonary TB were
included as against when only pulmonary cases are
counted (0.34 vs. 0.21). These findings suggest that
infectiousness of patients with extrapulmonary TB
may be underestimated, although it is unclear if this
is from the site of extrapulmonary disease or
unrecognized pulmonary involvement.37
Extent of pulmonary lesions
Patients with extensive tuberculous lesions
are more likely to be infectious than those with
minimal lesions because they harbor more TB
bacilli. The concentration of bacilli in the sputum is
determined largely by the type of tuberculous lesion
from which the bacilli originate. A cavity about 2
cm in diameter opening to a bronchus may contain
some 100 million tubercle bacilli, whereas a noncavitated nodular lesion of the same size may
contain only 100 to 1,000 bacilli.38 Sputum from
patients with tuberculous lung cavities that contain
softened necrotic particles with enormous numbers
of bacilli will invariably be found positive by direct
microscopy. In contrast, sputum from patients with
nodular, encapsulated lesions discharging only
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small amounts of bacilli will invariably be negative
by smear microscopy.39
Kim et al demonstrated the relationship of
radiographic severity and the extent of culturepositivity with microscopy results in concentrated
sputa. In patients with minimal disease, only 35%
were smear-positive. In moderately-advanced
disease, smear-positivity was 45% in those without
cavities and 68% in those with cavities. In those
with far-advanced disease, smear-positivity was
64% and 92% in those without and with cavities,
respectively.40
Barnes and colleagues also established an
association between roentgeno-graphic patterns and
the likelihood of finding AFB on sputum smears. In
cavitary TB, 98% of cases had AFB-positive
smears seen on sputum smear, compared to 70% of
cases without cavitation. Sputum smears revealed
AFB in almost all patients with extensive alveolar
infiltrate (involvement of at least three lung zones).
On the other hand positive smears were found in
fewer than half of patients without alveolar
infiltrate, in whom x-ray abnormalities consisted of
interstitial disease, nodules, scarring or a military
pattern.41
There is also a significant correlation between
radiologic extent of the disease based on highresolution computerized tomography and the degree
of smear positivity, with the presence of nodules,
cavities, and bronchial lesions being the best
predictors of smear positivity in patients with
pulmonary TB. The number and sizes of the
cavities, the thickness of cavity wall and the
distance of cavity from central airways might also
be related to the degree of smear positivity.42, 43
Sputum status
A positive AFB smear result is considered a
major determinant as to whether a pulmonary TB
case will transmit the bacilli to a contact.44 Under
program conditions, when microscopy laboratory
services are available and diagnostic criteria are
properly applied, pulmonary TB smear-positive
cases represent at least 65% of the total of
pulmonary TB cases in adults, and 50% or more of
all TB cases.45

Under optimal conditions, a positive smear
can be obtained with only 100 to 1,000 organisms
per mL, but under ordinary conditions this is
obtained with 10,000 organisms per mL. While a
single smear of sputum has a reported sensitivity
of 22% to 43%, the detection rate goes up when
multiple specimens are examined. For example,
when 2 to 3 smears are examined of 2 days, 50%
to 70% of patients with active pulmonary TB will
have positive smears.39
Epidemiologic studies have consistently
shown that the contagiousness of untreated TB is
directly correlated with the concentration of viable
bacilli in respiratory secretions. Patients whose
spontaneously expectorated sputum smears are
positive for AFB have the greatest potential to
transmit the organisms to others.46 Household
contacts of highly smear positive (having smears
AFB sputum smear levels of 3- to 4-plus by
international classification) are more likely to be
TST positive.47
Patients with pulmonary TB having
consistently negative smears are less infectious
than patients with positive smear results as shown
by various epidemiologic studies.48 In a recent
report that utilized molecular characterization of
Mycobacterium tuberculosis isolates, the relative
transmission rate of smear-negative compared with
smear-positive patients was calculated as 0.22;
nevertheless smear-negative cases still accounted
for 17% of all transmissions.49 Another study
using molecular epidemiological techniques
showed that smear-positive cases were twice more
likely to be associated with recent transmission
(OR 2.0; 95% CI 1.1, 3.6) and that smear-negative
cases accounted for around 21% of TB
transmission in the community.37
Using the cough aerosol sampling system,
Fenelly found that only patients whose sputum
were smear-positive and grew cultures of at least
100 colony-forming units (CFU) were able to
produced positive cultures from cough-generated
aerosols.26
The lower risk for transmission from smearnegative disease may also arise from the fact that
spontaneous resolution occurs more commonly
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than in smear-positive cases. Epidemiologic studies
from India showed that patients with negative
smears with two specimens but positive by culture
at the time of detection of their disease, more than
half were classified as cured (i.e., negative by both
smear and culture) within 18 months and about
two-thirds within 3 years, even without treatment.50
Presence and frequency of cough
Although patients may appear to have an
equal number of bacilli in their sputum, the physical
and chemical characteristics of one sputum may be
more suitable for the production of large number of
droplet nuclei than another. The number of
organisms put into airborne suspension by a patient
depends upon his or her effectiveness as an
“aerosolizer”. This is in turn related to the force and
vigor of the coughing maneuver and the shape of
the mouth and upper airway during coughing.22
Jones-Lopez et al, using the techniques
originally used by Fennelly, showed that there was
a great degree of variability in the ability of smearpositive TB cases to produce cough-generated
aerosols. However, they found that patients
producing cultures of ≥ 10 CFU, termed “highaerosol” patients, were more likely to generate new
infections among its contacts compared to “low
aerosol” patients (adjusted OR 4.81; 95% CI 1.20,
19.23). They proposed that the use of cough
aerosols may help identify the most infectious
patients with TB.51
Loudon and Spohn in the 1960s showed that
contacts of patients who coughed less than 12 times
per night had a lower prevalence of tuberculin
reactivity than did contacts of those coughing more
than 48 times per night (14 of 51 [27%] vs. 25 of 57
[44%]). Thus, the likelihood that household
contacts will be infected increases with the
frequency of the cough in the source case.52
Data from Fenelly also suggest an association
between frequency of cough and tuberculous
aerosol production, with a trend toward greater
cough frequency in those who produced culturable
aerosols compared to those who did not.22 More
recently, Jones-Lopez et al found that severity of
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cough in the index case measured by a visual
analog cough scale and the Leicester Cough
Questionnaire was associated with higher
transmission rates to household contacts.53
The character of the sputum produced during
spontaneous coughing also may affect a patient’s
capacity to produce infectious aerosols. Tenacious
sputum containing clumps of bacilli does not yield
as many infectious particles as does watery sputum
containing more dispersed organisms.54 Fenelly and
co-workers also showed that salivary or
mucosalivary appearance of sputum was associated
with positive cough aerosol cultures compared with
a purulent/mucopurulent appearance (OR 4.42;
95% CI 1.23, 1.43).55
Duration of treatment
With institution of effective anti-TB
treatment, the infectiousness of TB cases is rapidly
reduced. Two distinct phases in the early
bactericidal activity of anti-TB drugs may be
identified. The first phase, which lasts about 2 days,
is characterized by rapid exponential killing. The
predominant drug in this phase is isoniazid (INH).
In the second phase, the killing rate is slower and
the predominant drug is rifampicin and
streptomycin, whose rate of killing is unaffected by
INH.
It is thought that rapidly growing bacilli in
cavitary lesions are killed, or at least prevented
from growing, during the first 2 days of treatment,
and that the speed of this process is determined by
drug action. After 2 days, the remaining, persisting
bacilli are killed in a slow sterilization, in which
speed is determined by bacterial factors rather than
drug action. Whenever a bacillus starts to
metabolize, it will be killed by any drug that is
active.56
Two weeks of treatment with INH,
rifampicin, and pyrazinamide for drug-susceptible
high-bacillary burden disease will reduce the
number of bacilli per mL of sputum by three logs
(i.e., from 106 to 107 would be reduced to 104).57
Within the first few weeks of anti-TB treatment,
there is also a rapid decrease in culturable organism
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in the cough-generated aerosols.27 The same 2
weeks of treatment is estimated to reduce the
frequency of cough by 65%. Together, the
antimycobacterial and antitussive effects of
treatment have been calculated to reduce the level
of infectivity by 99.965% during the first 2 weeks.57
This reduction in cough frequency and the volume
of sputum actually makes collection of sputum
specimen more difficult with longer periods of
treatment.
However, there is also considerable
variability in time to conversion depending on
bacillary load, presence of cavitation and
underlying patient condition. In patients with high
bacillary load (moderate to large number of AFB
and moderate to advanced radiographic lesions,
while there was a rapid reduction in the semiquantitative sputum scores during the first 21 days
of treatment, only 3 (9.4%) and 8 (25%) of the
patients had smear conversions by the end of the 2
and 3 weeks of treatment, respectively. At 2 weeks,
at 3 weeks and by the time of smear conversion,
only 1 (3.1%), 2 (6.3%) and 11 (34.4%) of the
patients, respectively, had culture conversion. The
time to smear conversion varied remarkably
between patients (from 8 days to 115 days),
averaging 45.9 days. Most (65.6%) had smear
conversions at an average of 5 to 6 weeks and were
projected to have culture conversions at an average
of 8 to 10 weeks.46
In 428 patients who were both smear- and
culture-positive, almost half (48%) had smears that
were positive after 4 weeks of treatment, and 29%
after 8 weeks. Seventy-six patients (17.7%) had
persistently positive smear results beyond 12
weeks, and 12 patients (2.8%) after 36 weeks. TB
cultures were positive in only 39% after 4 weeks;
16% after 8 weeks; and 7% in 12 weeks. Beyond 12
weeks, approximately two-thirds of the patients
with positive smear results had negative culture
results, and only a minority had persistently positive
culture results.58
Other factors associated with both sputum
smear and culture conversion time (days) have been
investigated. Patients with diabetes mellitus (DM),
cavitary disease, and radiologically extensive dis-

ease had longer sputum smear and culture
conversion time than the other groups. In addition,
old age, male sex, smoking and thrombocytosis
were found to be significantly associated with
sputum smear conversion time. In the logistic
regression analysis, the presence of DM and
extensive disease were determined as independent
factors associated with persistent sputum smear
and culture positivity at the end of 2 months. The
presence of DM and extensive disease were also
found to be independent risk factors influencing
both sputum smear and culture conversion time in
pulmonary TB.59
In a study by Telzak and co-workers of 100
consecutive
patients
with
smear-positive
pulmonary TB, some of whom had HIV infection,
the mean number of days before the first of three
consecutive negative sputum smears was 33 days;
the median was 23 days. On stepwise multiple
regression analysis, cavitary disease, numerous
AFB on the initial smear, and no prior history of
TB were the factors independently associated with
an increased number of days for both smear and
culture conversion. HIV does not prolong the
period of infectiousness.60

Strain of M. tuberculosis
Drug-resistant strains of M. tuberculosis
mainly arise from intake of inappropriate drug
regimens and poor patient adherence to treatment.
The World Health Organization estimates that
4.3% of all new and previously treated cases are
multi-drug resistant TB (MDRTB), defined as TB
resistant to at least INH and rifampicin. These
cases represent an emerging health problem
because of the difficulty of achieving cure, despite
the availability of second-line anti-TB drugs.61
Available studies suggest that INH-resistant
strains of M. tuberculosis were likely to result in
disease in animals. Mutations or deletions within
the katG gene have been associated with a
decrease in the pathogenicity in animal models.
Several molecular epidemiologic studies have
reported that patients who have drug-resistant
strains were likely to be in clusters, suggesting that
drug-resistant strains might be less predisposed to
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being transmitted or cause active tuberculosis.62
Burgos and colleagues recently reported that the
number of secondary cases generated by INHresistant cases of TB was significantly less than the
drug-susceptible cases.63
However, the TB bacilli’s diminished
capacity to cause secondary cases may be offset by
the absence of good facilities for detection and
treatment of populations where drug-resistant
strains are prevalent. Consequently there are many
reports of outbreaks of multi-drug resistant strains
of M. tuberculosis in hospitals and in the
community.63,64 However, a recent compilation of
molecular epidemiological data by Borrel and
Gagneux comparing transmissibility of drugresistant strains of M. tuberculosis with drugsusceptible ones showed that the relative fitness
estimates for MDRTB vary dramatically, ranging
from almost a 10-fold increased fitness found in a
study from Russia, to a 10-fold lower fitness in
Mexico, with some other studies reporting that
MDRTB strains as causing no secondary cases at
all.65 Thus, the present data does not provide a clear
answer whether drug-resistant strains of TB bacilli
are less transmissible as drug-susceptible ones.

WHEN A TB PATIENT IS CONSIDERED
NON-INFECTIOUS
The Center for Disease Control and
Prevention, American Thoracic Society and
Infectious Disease Society of America have
recommended several criteria for determining when
during therapy a patient with pulmonary TB has
become non-infectious.66 These are:
(a) Patient has negligible likelihood of MDRTB
(no known exposure to MDRTB and no history
of prior episodes of TB with poor compliance
during treatment).
(b) Patient has received standard multidrug anti-TB
therapy for 2 to 3 weeks. (For patients with
sputum AFB smear results that are negative or
rarely positive, threshold for treatment is 5 to 7
days.)
(c) Patient has demonstrated complete adherence to
treatment (e.g., is receiving directly observed
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therapy).
(d) Patient has demonstrated evidence of clinical
improvement (e.g., reduction in the frequency of
cough or reduction of the grade of the sputum AFB
smear result).
All close contacts of patient have been
identified, evaluated, advised, and, if indicated,
started on treatment for latent TB infection. This
criterion is critical, especially for close contacts
who are children younger than 4 years and those of
any age with immunocompromising health
conditions (e.g., HIV infection).
While in hospital for any reason, patients with
pulmonary TB should remain in airborne-infection
isolation until they (1) are receiving standard
multidrug anti-TB therapy; (2) have demonstrated
clinical improvement; and (3) have had three
consecutive AFB-negative smear results of sputum
specimens collected 8 to 24 hours apart, with at
least one being an early-morning specimen.
Hospitalized patients returning to a congregate
setting (e.g., a homeless shelter or detention facility)
should have three consecutive AFB-negative smear
results of sputum specimens collected more than 8
hours apart before being considered noninfectious.
However, it was advised that these six criteria
for absence of infectivity with treatment should be
considered general guidelines, and decisions about
infectivity of a person on treatment for TB should
depend on the extent of illness and the specific
nature and circumstances of the contact between the
patient and exposed persons.66
The Joint Tuberculosis Committee of the
British Thoracic Society (BTS) had earlier
published its criteria on how to determine noninfectiousness of smear-positive cases on treatment
in the setting of HIV.67 They include: (a) the patient
has had a minimum of 2 weeks of appropriate drug
therapy, AND; (b) if potentially being moved to
accommodation (inpatient or home) with HIVpositive or immunocompromised patients to have a
minimum of three negative sputum microscopy
smears on separate occasions over at least a 14 day
period, AND; (c) demonstrated tolerance to the
prescribed treatment and an ability and agreement
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to adhere to treatment; and EITHER (d) a complete
resolution of cough; OR (e) definite clinical
improvement to treatment e.g. remaining afebrile
for one week.
For negative sputum microscopy cases (three
sputum samples on separate days or if no sputum
and bacteriology only from bronchoscopy/lavage),
criteria (a), (c), (d) and (e) may apply. Again, the
BTS emphasized that these are merely suggestions
because it is recognized that exceptions may occur.
QUANTIFYING THE INFECTIOUS
POTENTIAL OF PULMONARY TB CASES
Based on the factors considered in the
preceding section, we could generate a semiquantitative scoring system to classify the degree of
infectivity of any patient based on the site of
disease, sputum status and presence of cavitation.
The infectivity can be modified by the presence of
cough, the performance of aerosol-generating
medical procedures, and duration of on-going antiTB treatment (see Table 1).
SUMMARY
TB is a moderately communicable disease
transmitted largely through inhalation of droplet
aerosol containing viable TB bacilli extruded by
active TB cases when they talk, cough, sneeze or
sing. An active case is said to infect 10 to 15 other
persons every year. However, not all exposed
persons develop the infection, or the disease. The
probability of successful transmission depends on
the clinical characteristics of the source case,
susceptibility of the exposed person, the duration
and closeness of contact, and to the virulence of the
infecting strain.
Most of the cases are contracted from persons
with respiratory TB, including those with lung,
endobronchial
and
laryngeal
involvement;
nevertheless, extra-respiratory cases have been
implicated in sporadic outbreaks of the disease
among health care workers, and in a small
percentage of TB cases in the community. Among
those with pulmonary TB, smear-positive cases are
more infectious than smear-negative ones, although

Table 1. Pulmonary TB Case Infectiousness Index
Score

Basic Condition

0

Extra-pulmonary disease

+1

Smear-negative pulmonary disease with
minimal lesions on x-ray

+2

Smear-negative pulmonary disease, with
extensive but non-cavitating lesions

+3

Smear-positive, culture positive
pulmonary disease
or
Culture-positive, cavitating pulmonary
disease
or
Culture positive laryngeal or
endobronchial disease
Modifying Conditions

+1

If with explosive and/or frequent
spontaneous cough OR if to undergo
potentially aerosol-producing procedures
like fiberoptic bronchoscopy, intubation,
sputum induction, oral surgery, irrigation,
or autopsy

-1

If on effective chemotherapy* for 2-8
weeks

-2

If on effective chemotherapy* for 8 weeks
or more

* Effective chemotherapy refers to the use of standard
regimen, with no suspicion of MDRTB and with good
compliance under supervision
Total
Score
<1

Degree of Infectiousness
Negligible Infectivity

1

Low Infectivity

2

Moderate Infectivity

3

High Infectivity

4

Extremely High Infectivity

TB, tuberculosis; MDRTB, multi-drug resistant tuberculosis.

smear-negative TB can also be infectious and is said
to account for nearly 20% of transmission in the
community. The presence of more extensive
parenchymal lesions on chest x-ray and/or CT scan
is associated with sputum positivity, and therefore,
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with greater infectiousness. The presence of cough,
especially one that is explosive and producing
minimal phlegm, is also associated with a greater
chance of transmission. The presence of old age
and diabetes mellitus have also been shown in
studies to be associated with increased risk of
transmission.
Treatment with appropriate and effective
chemotherapeutic regimens rapidly reduces the
infectiousness of TB cases. Traditionally, it has
been said that infectiousness is greatly reduced after
2 weeks of anti-TB treatment due to reduction in
the bacterial burden as well as in the frequency of
cough. Studies show that there is considerable
variability in time to conversion of sputum smears
and cultures, which may be dependent on the initial
bacterial load, and the presence of underlying
condition like diabetes mellitus. It is therefore more
prudent to obtain at least two negative smears after
more than 2 weeks of treatment before considering
a patient to be non-infectious. Drug-resistant strains
of TB bacilli are not biologically more infectious
than drug susceptible ones, but should be
considered with greater caution because they tend
to be associated with more extensive disease and
more unlikely to be treated properly.
A semi-quantitative method for estimating
the degree of infectiousness of TB cases has been
proposed.
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Guide for Stable COPD
DESKTOP GUIDE

Guide for the Diagnosis and Management of Stable COPD
Philippine College of Chest Physicians
Council on COPD and Pulmonary Rehabilitation

Taken from the Consensus Document: Summary of the PCCP Clinical
Practice Guideline for the Diagnosis and Management of COPD 2014
•
•

When to suspect COPD?
Key indicators of disease

•

•
•

Criteria for Diagnosis

Above 40 years old
With a history of exposure to risk factors which can be any of the following:
- Tobacco smoke
- Smoke from home cooking/ heating fuels
- Occupational dust/ chemicals
And has any of the following clinical features:
- Dyspnea that is persistent and usually progressive
- Chronic cough that maybe productive or unproductive
- Chronic sputum production
- Family history of COPD
Key indicators
Spirometry is required. It should show a post-bronchodilator FEV1/ FVC < 0.70.

Risk Assessment:
If any of the following is present:*
- FEV1% predicted < 50
- ECOPD Frequency > 2+
- ECOPD requiring hospital admission > 1++

None
(Low Risk)

Yes
(High Risk)

Symptoms Assessment:
Is any of the following present?**
- CAT > 10
- mMRC > 2
- CCQ > 1 or 1.5

No (Less
symptoms)

Yes (More
symptoms)

No (Less
symptoms)

Yes (More symptoms)

Patient Group Classification

A

B

C

D

Non- pharmacologic management

Risk exposure reduction
Flu and pneumococcal vaccination
Increased physical activity
Pulmonary rehabilitation

Pharmacologic Management:
Recommended 1st Choice

SABA (prn)
or
SAMA (prn)

LABA or
LAMA

LABA+ICS
or LAMA

LABA+ICS
and/or LAMA

Pharmacologic Management:
Alternative Choice

LABA or
LAMA or
LABA+SAMA

LAMA+LABA

LABA and
LAMA
or LAMA+PDE4I
or LABA+PDE4I

LABA+ICS and LAMA
or LABA + ICS and PDE4I
or LAMA and LABA
or LAMA and PDE4I

Pharmacologic Management:
Other Possible Treatments

Methylxanthines
SABA and/or SAMA
Carboxycysteine or
N-acetyl cysteine

*Evaluator must use all of the parameters
+Acute exacerbations for the past one year
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**Evaluator may use only one questionnaire
++Acute exacerbation requiring hospital admission

PCCP Council on COPD and Pulmonary Rehabilitation

Some COPD Medications in the Philippines
(as of January 2014)
DRUG

REMARKS

SABA
Procaterol
Salbutamol
Terbutaline

Use with caution in patients with:
 Hyperthyroidism
 Diabetes mellitus
 Myocardial infarction or dysrhythmias
 Hypokalemia

LABA
Bambuterol
Formoterol
Indacaterol
SAMA
Ipratropium bromide
LAMA
Tiotropium

Use with caution in patients with:
• Prostatic Hyperplasia
• Narrow angle glaucoma
• Bladder neck obstruction

SABA/SAMA
Salbutamol / Ipratropium bromide

Use with caution in patients with the same
conditions listed for SABA and SAMA

ICS
Budesonide
Fluticasone

May increase the risk for pneumonia and fractures

LABA / ICS
Formoterol / Budesonide
Salmeterol / Fluticasone

Same remarks listed for its components
(LABA and ICS)

PDE4I
Roflumilast

Use with caution for patients with:
• Moderate to severe liver impairment
• Psychiatric conditions

Methylxanthines
Aminophylline
Doxofylline
Theophylline (SR)

Use with caution in patients with:
• Peptic ulcer disease
• Hyperthyroidism
• Hypertension
• Dysrhythmias
• Epilepsy
• Hepatic dysfunction
• Advanced age
• Drugs that may interact with theophylline

Cysteine Derivative Mucolytics
Carbocysteine
N-acetyl cysteine

Primarily used for its possible anti-oxidant properties
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CAP-PIRO score and ICU mortality

Pulmonary Rehabilitation Program Directory
(as of January 2014)
INSTITUTION

CONTACT NUMBER

Lung Center of the Philippines

(02) 924 6101 local 363

Perpetual Help Medical Center, Las Pinas

(02) 874 8515 local 484

Philippine General Hospital

(02) 521 8450 local 3157

Philippine Heart Center for Asia

(02) 925 2401 local 3805/3606

St. Luke’s Medical Center, Quezon City

(02) 723 0101 local 4189

The Medical City, Ortigas, Pasig

(02) 635 6789 local 6238

University of Santo Tomas Hospital

(02) 731 3001 local 2561

Veteran’s Memorial Medical Center

(02) 426 9653

Abbreviations
CAT
CCQ
COPD
ECOPD
FEV1
FVC
ICS
LABA
LAMA
mMRC
PCCP
PDE4I
SABA
SAMA

COPD Assessment Test
COPD Control Questionnaire (also known as Clinical COPD Questionnaire)
Chronic obstructive pulmonary disease
Acute exacerbations of COPD
Forced expiratory volume at 1 second
Forced vital capacity
Inhaled corticosteroids
Long-acting beta-2 agonist
Long-acting muscarinic antagonist
Modified Medical Research Council Questionnaire for Assessing the Severity
of Breathlessness
Philippine College of Chest Physicians
Phosphodiesterase 4 inhibitor
Short-acting beta-2 agonist
Short-acting muscarinic antagonist
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