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Abstract
Pneumonia and acute respiratory distress syndrome are common and important
causes of respiratory failure in the intensive care unit with a significant impact on
morbidity, mortality and health care utilization despite early antimicrobial
therapy and lung protective mechanical ventilation. Both clinical entities are
characterized by acute pulmonary inflammation in response to direct or indirect
lung injury. Adjunct anti-inflammatory treatment with corticosteroids is
increasingly used, although the evidence for benefit is limited. The treatment
decisions are based on radiographic, clinical and physiological variables without
regards to inflammatory state. Current evidence suggests a role of biomarkers for
the assessment of severity, and distinguishing sub-phenotypes (hyperinflammatory versus hypo-inflammatory) with important prognostic and
therapeutic implications. Although many inflammatory biomarkers have been
studied the most common and of interest are C-reactive protein, procalcitonin,
and pro-inflammatory cytokines including interleukin 6. While extensively
studied as prognostic tools (prognostic enrichment), limited data are available for
the role of biomarkers in determining appropriate initiation, timing and dosing of
adjunct anti-inflammatory treatment (predictive enrichment)
Key words: Acute pulmonary inflammation; Inflammatory biomarkers; Acute respiratory
distress syndrome; Pneumonia; Critical illness; Diagnosis; Treatment
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Core tip: Community acquired pneumonia and acute respiratory distress syndrome are
common and important causes of respiratory failure in the intensive care unit. Both
clinical entities are characterized by acute pulmonary inflammation in response to direct
or indirect lung injury and current evidence suggests a role of biomarkers for the
assessment of severity, and distinguishing sub-phenotypes (hyper-inflammatory versus
hypo-inflammatory) with important prognostic and therapeutic implications.
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INTRODUCTION
Inflammation is a natural body response to infectious and non-infectious insults
resulting in a complex variety of mechanisms that eventually lead to tissue repair.
Inflammatory response in the lungs is most commonly due to infections, and
exposure to toxins, allergens and irritants. Normal inflammation is intended to be
protective but when excessive and/or prolonged can have deleterious effects
associated with worse outcomes[1]. The most common acute pulmonary inflammatory
conditions in the intensive care unit (ICU) are pneumonia, community or health care
acquired, and acute respiratory distress syndrome (ARDS), a complication of other
acute illnesses.
Community acquired pneumonia (CAP) is a leading infectious cause of
hospitalizations worldwide accounting for over 1 million inpatient hospitalizations
annually in the United States [2,3] . Limited data suggests about 20% of adults
hospitalized for pneumonia required an ICU admission which was directly associated
with a 50% increase in length of hospital stay [4] . Although less common than
pneumonia, ARDS accounts for approximately 10.4% of ICU admissions worldwide
with an associated 40% mortality rate depending on severity[5]. It usually occurs as a
sequela of other acute illnesses including pneumonia and non-pulmonary sepsis.
Other risk factors are aspiration pneumonia, trauma and transfusion of blood
products.
Together, both conditions have a significant impact on morbidity and mortality in
the ICU with an associated increase in overall health care utilization despite early
antimicrobial therapy and lung protective mechanical ventilation [5,6] . Acute and
sometimes exaggerated inflammatory response is a common and important feature in
both clinical entities with important prognostic implications and reflective of an
ineffective regulatory mechanism to limit inflammation-induced damage[7,8]. Adjunct
anti-inflammatory treatment (i.e., corticosteroids) is often used, however the treatment
decisions are based on severity of illness without regards to inflammatory state.
Several inflammatory biomarkers have been identified and implicated in the
pathophysiology of inflammatory response in pneumonia and ARDS. More recently,
several studies have assessed the role of biomarkers as key evaluation and
management tools specifically aiding diagnoses, assessing severity, prognostication
and informing therapeutic strategies.
This review focuses on biomarkers and their potential role in the evaluation and
management of acute inflammation in CAP and ARDS in critically ill patients.

PATHOPHYSIOLOGY OF ACUTE PULMONARY
INFLAMMATION
Acute pulmonary inflammation involves both the innate and adaptive immune
responses. When a pathogen is encountered, the airway epithelium acts as the first
line of defense mechanism. It is well equipped to release several enzymes including
defensins, mucins and lyzozymes along with reactive oxygen species (ROS), nitric
oxide, platelet activating factor and cytokines to attract inflammatory cells. In
addition, plasma cells secrete IgA which creates an overlying epithelial protective
barrier preventing microbial adherence, and surfactant proteins A and D in the alveoli
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sacs stick to surface bacterial molecules to facilitate opsonization[1,9]. If a pathogen is
able to overcome the epithelium’s defenses, it encounters a group of inflammatory
cells particularly macrophages, dendritic cells and lymphocytes, residing in the
airways and throughout the lung parenchyma and interstitium. Dendritic cells are
antigen presenting cells which not only stimulate the naïve T cell lymphocytes but
also potentiate macrophages and assist in phagocytosis. They do so with the help of
toll like receptors on their surfaces also referred to as pattern-recognition receptors
which identify pathogen associated molecular patterns on pathogens’ surfaces[1,10].
Stimulated naïve T cells activate either a T helper 1 (Th 1) and Th2 response which
results in both cell-mediated and humoral mediated immune responses against the
invading organism. This culminates in further stimulation of macrophages and T
lymphocytes resulting in the release of a variety of chemokines and cytokines based
on the type of invading pathogen, including interferon gamma, tumor necrosis factor
(TNF)-α, interleukin (IL)-1, IL-4, IL-5, IL-6, IL-8, IL-9, IL-12 and IL-13. Simultaneously,
the lung insult activates the capillary endothelial cells which in addition to
contributing towards chemokine release, upregulate the surface adhesion molecules
facilitating the attachment and migration of inflammatory cells to the site of insult[1].
In acute inflammation, neutrophils are the primary cells to respond to the cytokine
release; IL-8 being the primary neutrophil chemotactic cytokine. Neutrophils kill the
phagocytosed pathogens with ROS, antimicrobial proteins and elastase. If the lung
insult has been successfully controlled, a rise in anti-inflammatory cytokines
particularly IL-10, TGF-β and IL-1Ra is expected. These assist in down regulating the
defense system and facilitate apoptosis of the inflammatory cells by macrophages[11].
However, in cases of overwhelming infection, the anti-inflammatory mechanisms are
unable to control the underlying inflammation resulting in continuous lung injury.
In early ARDS, increased capillary permeability is the hallmark outcome of the
inflammatory process resulting from direct or indirect lung injury with disruption of
the capillary-alveolar interface. This leads to leakage of protein-rich fluid from the
capillary into the alveoli resulting in diffuse alveolar injury triggering an
overwhelming release of pro-inflammatory cytokines mainly TNF, IL-1 and IL-6 and
creating an imbalance between pro-inflammatory and anti-inflammatory cytokines.
This initiates the inflammation cascade and recruits’ neutrophils which again play a
crucial role in causing inflammation by releasing ROS and proteases. It has been
noted that patients with ARDS, have transcription abnormalities involving NF-kappa
B which is required for transcription of genes responsible for pro-inflammatory
mediators. Other substances such as endothelin-1, angiotensin-2 and phospholipase
A2 have also been found to worsen vascular permeability and underlying
inflammation causing increased lung injury [12-15] . A hyper- inflammatory sub
phenotype in ARDS has been recently identified and associated with worse outcomes
compared to a hypo-inflammatory sub phenotype[8].

DIAGNOSIS, EVALUATION, AND MANAGEMENT OF CAP
AND ARDS-EVIDENCE ON INFLAMMATORY BIOMARKERS
Early identification and assessment of severity are essential for institution of timely
antibiotic therapy and appropriate supportive care in CAP and ARDS. As current
diagnostic, evaluation, and management strategies are based on radiographic, clinical
and physiological variables only, the use of biomarkers in these conditions has been
proposed and extensively evaluated.
A biomarker is “a defined characteristic that is measureable and an indicator of
normal biological processes, pathogenic processes, or responses to an exposure or
intervention” [16] . The quintessential biomarker that can aid early identification,
prognostication, as well as guide and monitor response to treatment in critically ill
patients with acute pulmonary inflammation has been long sought-after. Several other
fields have successfully identified biomarkers with therapeutic implications and
improvement in outcomes. The identification of the programed cell death ligand-1
(PD-L1) and its role in several malignancies, led to the development of PD-L1
inhibitors which have revolutionized the treatment of several types of cancer. Asthma
is another example of a heterogeneous disease that was revolutionized by the
identification of various phenotypes and the associated biomarker(s) leading to
treatments such as anti-IL-5 inhibitors. Recent evidence and ongoing efforts suggests a
potential for similar success in CAP and ARDS with the recent identification of hyperinflammatory phenotypes with important prognostic and therapeutic implications[8,17].
The biomarkers that have been most extensively studied in CAP include C-reactive
protein (CRP) and procalcitonin (PCT) and in ARDS, cytokines which will henceforth
be reviewed.
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CRP
CRP was first discovered in 1930. Scientists William S Tillet and Thomas Francis Jr,
discovered a novel antigen on the surface of pneumococcal bacteria that was present
in the initial stages of infection and resolved as the patient improved[18]. Several years
later, it was discovered that this “antigen” was a protein involved in acute systemic
inflammation, CRP.
CRP is an acute phase protein predominately synthesized in hepatocytes in
response to IL-6. As part of the innate immune response, it binds to microorganisms
and stimulates phagocytosis and activation of the classical complement pathway[19]. It
is detectable in serum within 6-10 h of inflammation initiation and has a half-life of
approximately 25 h accounting for its rapid disappearance as inflammation
subsides[20]. It is a non-specific acute phase reactant and has been shown to be elevated
in various types of inflammation including infection regardless of pathogen type,
malignancy, autoimmune disorders, and systemic inflammatory response syndrome
(SIRS) PCT was more recentlyoccurring without active infection[21]. Current literature
supports its use in diagnosis of pneumonia, assessment of severity of illness,
prognostication, and assessment of clinical stability though the literature can be
difficult to interpret due to the heterogeneous populations studied and the wide array
of cut off levels suggested[22] (Table 1). Given its non-specific but direct correlation
with the innate immune system, its rapid turn-around time, low cost, and wide
availability, it could be used as a biomarker to help identify and guide treatment in
patients with hyper-inflammatory phenotypes of CAP. Further studies are needed to
help define the natural history of CRP in hyper-inflammatory CAP phenotypes.

PCT
PCT was more recently discovered. It is a 116 amino acid peptide precursor to
calcitonin and is encoded by the CALC-1 gene. In non-infectious states, it is produced
in the C cells of the thyroid gland. In the presence of infection, and in particular,
systemic bacterial infection, CALC-1 gene expression is induced in nonneuroendocrine cells throughout the body and transcription and translation of PCT
occurs. In addition, release of interferon stimulated by viral infection has been shown
to down-regulate the production of PCT. It is detec in serum within 4 h of onset of
infection and peaks within 12-48 h[23-25].
While it is often used as a marker of systemic bacterial infection, it may not be
elevated in isolated infections such as abscesses or empyema. Similar to CRP, it can be
elevated in SIRS without infection. Accuracy in patients with renal dysfunction has
been brought into questions as levels can be falsely elevated due at least in part to
impaired clearance though higher cut off levels have been proposed in this
population [26] . Similar to CRP, current literature supports its use in diagnosis,
assessment of severity of illness, prognostication, and assessment of clinical stability
in patients with CAP. In addition, it has been shown to be effective in identifying
bacterial pathogens as the source of infection and in de-escalation of antibiotic
therapy[22]. (Table 1)

CRP and PCT in CAP
CRP and PCT have been shown to aid in diagnosis in CAP particularly in comparison
to clinical signs and symptoms alone and in patients with co-morbid conditions that
contribute to clinical ambiguity, such as chronic obstructive pulmonary disease and
acute heart failure.[25,27]. However, time from symptom onset to initial healthcare
presentation may impact initial levels of CRP and PCT. A study looked at 541 patients
who presented to the emergency department with CAP and were differentiated into
early presenters (< 3 d since onset of symptoms) and late presenters (> 3 d). Results
showed that CRP and PCT were lower in patients who were early presenters
suggesting that time to presentation may affect the interpretation of these
biomarkers[28].
Both CRP and PCT have demonstrated moderate positive correlation with severity
of disease assessed by CURB-65 with a receiver operating characteristic curves of 0.61
and 0.72 respectively[29].
Evidence of CRP and PCT in prognostication of CAP is variable. One recent crosssectional study of 93 hospitalized adult patients with CAP showed a statistically
significant association with mortality in patients with PCT > 0.5 ng/mL[29]. Another
study assessed prognostication ability of PCT alone and in conjunction with CURB-65
compared with CRP and leukocytes , and demonstrated a better prediction of
mortality of PCT alone which was increased in combination with CURB-65[30]. Yet
another study showed that elevated PCT was able to predict an increase in adverse
events but not mortality[30,31]. The correlation of CRP with prognosis in CAP has varied
with some studies demonstrating prognostic value of initial CRP while other studies
demonstrate the prognostic ability of CRP trend but not initial measurement[32-34]. A
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Table 1 Summary of current evidence on biomarkers and their role in the evaluation and management of community acquired
pneumonia[22]
Role

Biomarker

Diagnosis

CRP, PCT, Ang 1, Ang 2

Severity of illness

CRP, PCT, Ang 1, Ang 2, Pro-ADM, Pro-ANP, Pro-VNP, SP-D, YKL-40, CCL 18, Endocan, NETs, FGF21,

Clinical instability

CRP, PCT, NETs, FGF21

De-escalation antibiotic

PCT

Prognostication

CRP, PCT, Ang 1, Ang 2, Pro-ADM, Pro-ANP, Pro-VNP, SP-D, YKL-40, CCL 18, NETs, FGF21

CRP: C-reactive protein; PCT: Procalcitonin; Ang 1: Barrier stabilizing angiopoietin 1; Ang 2: Barrier stabilizing angiopoietin 2; pro-ADM: Proadrenomedullin; pro-ANP: Pro-atrial natriuretic peptide; pro-VNP: pro-vasopressin; SP-D: Surfactant protein-D; YKL-40: Human cartilage glycoprotein
YKL-40; CCL18: Chemokine ligand 18; NET: Neutrophil extracellular trap; FGF21: Fibroblast growth factor 21.

recent prospective observational study evaluated the natural history of CRP in
hospitalized patients with CAP, and showed that CRP at day 3 and 5 as opposed to
initial CRP measurement, predicted mortality[32]. One study even demonstrated that
lack of CRP decline regardless of initial value was predictive of 30-day mortality[35]. A
recent study compared independent prognostication for PCT, CRP, and three
pneumonia severity scores (Pneumonia Severity Index, CURB-65, IDSA/ATS defined
severe CAP) and three mortality prediction tools [Acute Physiology Chronic Health
Evaluation II, Sequential Organ Failure Assessment (SOFA), and quick SOFA]. AUC
for each clinical prediction tool was similar to PCT and slightly higher than CRP
(AUC range of pneumonia severity scores 0.77-0.87; AUC range of mortality scores
0.81-0.85; AUC for PCT 0.83; AUC for CRP 0.77)[36]. With justification from prior
studies demonstrating improved predictability with combination clinical predictor
tools as well as CRP and/or PCT levels, a study proposed a new clinical decision tool
for in hospital mortality in patients with severe CAP that incorporated previous
prediction tool elements in conjunction with CRP[37].
In a large multi-center randomized control trial, evaluating steroid treatment in
hospitalized patients with severe community-acquired pneumonia (CAP), an
inclusion criterion of CRP > 150 mg/L on admission was utilized. The results of this
study demonstrate a reduction in treatment failure in the steroid group compared
with placebo and indicates that, CRP may be a useful tool to help identify the
population that may benefit from adjunctive corticosteroid therapy[17]. In addition,
CRP may have the potential to help guide duration of treatment as steroid therapy
has been shown to decrease the level of CRP[38]. PCT has been used to guide initiation
and duration of antibiotic therapy without worse outcomes but has not been used to
guide treatment with corticosteroids or other anti-inflammatory specific
treatments[39-41]. Other less studied biomarkers are listed in Table 1.

Cytokines in pneumonia
Elevated pro-inflammatory cytokine (include IL-1, 6, and 8; TNF-alpha; and
macrophage inflammatory protin-1beta) levels in CAP are indicative of a hyperinflammatory phenotype and are associated with increased disease severity, length of
ICU and hospital stay, ventilator days, and mortality [7,42,43] . This phenotype may
benefit from tailored treatments such as corticosteroids[17]. While cytokine panels may
accurately identify the hyper-inflammatory phenotype, these panels are expensive,
not universally available, and have a slow turn-around time that limits their ability to
help guide potential treatments. Correlation of the natural history of CRP in relation
to these cytokine patterns may allow for CRP to be a surrogate of these more
expensive and cumbersome diagnostic panels.

Biomarkers in ARDS
Similar to CAP, biomarkers have the potential to aid in diagnosis, risk stratification,
prognostication, and treatment response in ARDS. A wide variety of biomarkers have
been studied in the ARDS population and many have been found to correlate with
worse outcomes[44] (Table 2). A combination of biomarkers that pull from multiple
areas described in conjunction with clinical predictors was found to be superior to any
single component at mortality prediction[45].

Cytokines in ARDS
Inflammatory cytokines have been extensively studied in ARDS and have proven
useful at identifying hyper-inflammatory phenotypes. Utilizing latent class analysis
and cytokine panels consisting of protein C, plasminogen activator inhibitor-1 (PAI-1),
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Table 2 Biomarkers in acute respiratory distress syndrome[44]
Pathways

Biomarkers

Epithelial

RAGE
SP-D
KL-6
CC16
KGF

Endothelial

Ang-1/2
vWF
VEGF

Inflammatory

Pro-inflammatory

IL-1β
IL-6
TNFα
IL-8
IL-18

Anti-Inflammatory

ILRA
sTNF-RI/II
IL-10

Coagulation and Fibrinolysis

PAI-1

RAGE: Receptor for advanced glycation end-product; SP-D: Serum surfactant protein D; KL-6: Kreb von den
Lungen-6; CC16: Clara cell secretory protein; KGF: Keratinocyte growth factor; Ang 1/2: Barrier stabilizing
angiopoietin 1/2; vWF: Von willebrand factor; VEGF: Vascular endothelial growth factor; IL: Interleukin;
sTNF-RI/II: Soluble tissue necrosis factor receptor I/II; PAI-1: Plasminogen activator inhibitor-a.

IL-6 and 8, TNF receptor-I, intercellular adhesion molecule-1 (ICAM-1), surfactant
protein D, and von Willebrand factor antigen, Calfee et al[8] identified two ARDS
phenotypes, a hyper and hypo-inflammatory type. The hyper-inflammatory
phenotype was associated with increased inflammatory biomarker levels (IL-6 and 8,
TNFr1, PAI-1, and ICAM-1) vasopressor use, prevalence of sepsis, acidosis, and 90-d
mortality, and decreased ventilator and organ failure free days. Furthermore, a high
PEEP strategy was associated with a significant decrease in mortality in the hyperinflammatory group suggesting a possible therapeutic implication of distinguishing
phenotypes[8]. These two types persisted over time with > 94% of patients remaining
within their initial phenotype by hospital day three[46]. A follow up study with 2
distinct cohorts demonstrated increased levels of markers of epithelial cell injury with
decreased levels of markers of endothelial injury in direct ARDS (defined as those
with pulmonary cause such as pneumonia) compared with indirect ARDS (caused by
non-pulmonary etiologies such as sepsis)[47]. To stratify even further, inflammatory
biomarkers have been shown to be elevated in mixed ICU patients but not in trauma
patients [48-50] . More recently, a study utilizing logistic regression, evaluated 20
biomarkers including those in the inflammatory, coagulation, and endothelial
activation categories and again identified a hyper and hypo-inflammatory phenotype
with the hyper-inflammatory phenotype demonstrating higher ICU mortality.
Furthermore, it was discovered that a mere 4 biomarkers (IL-6, interferon gamma,
angiopoetin 1/2 and PAI-1) could be used to identify the hyper-inflammatory
phenotype (AUC 0.98)[51].

CRP and PCT in ARDS
The combination of PCT and CRP have been shown to correlate with severity of
disease in patients with ARDS however, this is not true for either biomarker
independently, and even less so for CRP[52]. However, serial CRP levels have been
shown to correlate with treatment response to corticosteroids[53]. In addition, and in
agreement with previous studies that found higher levels of inflammatory biomarkers
in indirect ARDS, PCT levels are significantly higher in ARDS patients with sepsis
making it a useful tool in identification of this population[54].

CURRENT EVIDENCE ON ADJUNCT ANTI-INFLAMMATORY
THERAPIES
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Early antimicrobial therapy and lung protective ventilation are essential management
strategies in pneumonia and ARDS. In addition early neuromuscular blockade has
been associated with improved survival and decreased ventilator days in severe
ARDS [55] . As antimicrobial therapy alone is insufficient to curb an exaggerated
inflammatory response, several studies have evaluated the use of anti-inflammatory
agents including corticosteroids in these conditions.

Corticosteroids
Corticosteroids have wide-ranging therapeutic application in the critically ill,
particularly as anti-inflammatory agents for a variety of acute illnesses.
Corticosteroids bind to glucocorticoid receptors intracellularly prompting genomic
signaling with subsequent effects on gene transcription and post-translation[56]. These
result in downstream inhibition and blockade of a variety of pro-inflammatory
mediators including ILs, TNF nuclear factor-kB, and suppression of inflammatory
eicosanoids and cyclooxygenase 2.
Insufficient suppression of nuclear factor-kB and increased levels of proinflammatory cytokines are thought to be a major driver of pulmonary inflammation
in ARDS[57-59] and severe CAP[60] associated with worse outcomes[61]. Therefore the use
of corticosteroids to blunt these effects has been proposed[62,63]. Translational efforts of
these hypotheses however have been inconsistent in demonstrating clinical benefit.

CAP
Early studies and subsequent meta-analyses found improvements in mortality,
ventilator-free days, time to clinical stabilization, and reduced lengths of stays[64-66].
The recent society of critical care medicine (SCCM)/ European society of intensive
care medicine (ESICM) guidelines thus suggest the use of adjunctive corticosteroids in
hospitalized patients with CAP[67].
Unfortunately, these studies included heterogeneous populations and more
importantly patients with CAP of wide-ranging severities. Nonetheless, there
appeared to be early signal that patients with severe CAP may be those who benefit
greatest from corticosteroids. A more contemporary meta-analysis of nine
randomized controlled trials and six observational studies found no difference in
survival, even in patients with severe CAP[68]. Interestingly, progression to ARDS was
reduced in corticosteroid recipients. Furthermore, an individual patient data metaanalysis of six studies found corticosteroids reduced time to clinical stabilization and
time in the hospital, but had no effects on survival, regardless of severity of the
disease [69] . More recently, a meta-analysis of ten studies of severe CAP found
corticosteroids were associated with improved in-hospital survival, but no clinical
effect or differences in ventilator duration[70].
The ESCAPe trial a multicenter, randomized controlled study in patients with
severe CAP requiring ICU admission who met IDSA/ATS guideline criteria
(NCT01283009) was recently concluded and results due to be published. Patients were
randomized to methylprednisolone 40 mg per day for 7 d followed by 20 mg per d for
7 d followed by 12 mg per day for 6 d followed by 4 mg per day for 6 d or placebo
with a primary outcome of 60-d all-cause mortality.
Corticosteroid use in pathogen-specific CAPs has had somewhat more consistent
findings. Studies of corticosteroids for CAP from influenza have rather consistently
shown delayed viral clearance and increased mortality [71] . While corticosteroids
provide considerable mortality benefit in CAP from Pneumocystis in HIV-positive
individuals[72], their benefit in other immune-suppressed hosts without HIV has not
been substantiated[73]. Corticosteroid use in CAP from Aspergillus has shown increased
mortality amongst hematopoietic cell transplant recipients[74,75], whereas solid organ
transplant recipients have reduced mortality[76].
Because of their propensity to induce hyperglycemia, neuropsychiatric effects,
immune-suppression and thereby potentially increased infection, suppressed wound
healing, sodium retention, among other adverse effects [ 5 6 ] , judicious use of
corticosteroids in the critically ill - a population already at high risk of poor outcome is becoming increasingly more important. Use of biomarkers may therefore inform
steroid use, dosing and duration in patients with severe CAP and may potentially
provide individualized selection of patients most likely to benefit. However,
evaluation of contemporary clinical practice reveals corticosteroid use in CAP is not
consistent with CRP and PCT concentrations[77], and requires further investigation.

ARDS
A major contributor to the controversy of using corticosteroids for treatment of ARDS
is the heterogeneity of studies published, wherein different dosing strategies are used,
timing of initiation of steroids varies, outcomes studied are different, and the
evolution of identifying and classifying the syndrome overtime. While a meta-
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analysis of nine studies found increase ventilator-free days but did not demonstrate
survival benefit[78], a subsequent individual patient data analysis and trial level metaanalysis showed prolonged corticosteroids increased both survival and ventilator-free
days[79]. More recently, a study of hydrocortisone initiated within 12 hours of severe
sepsis-associated ARDS found improved oxygenation but not time to liberation of the
ventilator or survival[80].
Timing of corticosteroid initiation may be an important consideration in ARDS. The
ARDSNet trial randomized patients with ARDS that was persistent beyond 7 d and
found improved oxygenation and ventilator compliance resulting in increased
ventilator-free days, but again, no survival benefit [81] . More importantly, when
corticosteroids were initiated late after ARDS onset (defined by 14 d), they were
associated with increased mortality. Other studies have had similar findings where
greater survival and ventilator-free days were observed if corticosteroids were
initiated within 72 h [53] . When concomitant pneumonia is present, initiation of
corticosteroids within 12 h may result in more beneficial outcomes including reduced
need for and duration on the ventilator and reduced hospital mortality[82].
Based on this cumulative evidence, the recent SCCM/ESICM guidelines suggests
the use of corticosteroid in patients with early moderate to severe ARDS within 14 d
of onset[67].
The DEXA-ARDS trial a multicenter, randomized controlled study in patients with
moderate to severe ARDS persistent beyond 24 h was recently concluded and results
due to be published[83]. Patients were randomized to dexamethasone 20 mg per day
for 5 d followed by 10 mg per day for 5 d or placebo with ventilator-free days as
primary outcome.

OTHER ANTI-INFLAMMATORY THERAPIES
Many different pharmacotherapies exerting anti-inflammatory actions have been
mechanistically believed to provide benefits for pulmonary inflammation in ARDS
and CAP. The majority of these therapies have failed to show clinical benefit,
including statins[84], neutrophil elastase inhibitors[85], and ibuprofen[86]. An open-label
study of moderate to severe ARDS found improved oxygenation at 48 h and
reductions in inflammatory markers with use of inhaled sevoflurane[87].
Anti-platelet agents have been proposed to suppress neutrophil-recruitment
induced by platelet activation. Early observational studies found a signal of aspirin
use prior to admission to the hospital reduced progression to ARDS [88,89] . In a
randomized study, early administration of aspirin to patients at risk of ARDS did not
reduce the risk of ARDS[90]. There have been no investigations of aspirin for the
treatment of those who have already developed ARDS.
Macrolide antimicrobials have been shown to suppress proinflammatory actions of
nuclear factor-kB and inhibition of the nitric oxide pathway-driven inflammatory
effects[91]. In an observational ARDS study, LARMA, a subset of patients who received
macrolide antimicrobials as part of their clinical management had a signal towards
improved long-term mortality[92], though these benefits have not been substantiated in
larger, controlled studies.
The PETAL network recently completed a study evaluating the effect of early
vitamin D3 administration in patients at high risk of ARDS and is awaiting release of
results (NCT03096314). A study evaluating the efficacy, safety, and effects on
inflammatory biomarkers of inhaled carbon monoxide in ARDS will be recruiting
soon (NCT03799874).

FUTURE DIRECTIONS
In the era of precision medicine, biomarkers have the potential to guide disease
specific evaluation and management strategies in critically ill patients with CAP and
ARDS with the goal of improvement in outcomes of both conditions and early ARDS
prevention. The ideal biomarker should be accurate, reproducible[22], detected early[44],
clearly reflect the degree of inflammation, response to treatment[25] and trajectory of
illness, and identify patients at risk of worse outcomes[93]. Furthermore, an ideal
biomarker in pneumonia and ARDS should be inexpensive, easily available, rapidly
analyzable and consistent across all groups of patients for generalizability to be useful
in clinical practice.
Pragmatic clinical trials with an adaptive design are needed to further define the
roles of inflammatory biomarkers (individually or as a panel) as predictive and/or
prognostic enrichment tools as well as therapeutic guides in acute pulmonary
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inflammation in critically ill patients.

CONCLUSION
In addition to early antibiotics, safe lung ventilation strategies and neuromuscular
blockade, corticosteroids are the only anti-inflammatory medications with potential
benefits in these conditions. Inflammatory biomarkers have been used for early
diagnosis, assessment of severity, and prognostication in CAP and ARDS. The use of
biomarkers for patient selection and for guiding adjunct anti-inflammatory treatment
is appealing however, further studies are needed to define their role in clinical
practice.
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Abstract
BACKGROUND
Tuberculosis (TB) is a rare etiology of the septic shock. Timely administration of
the anti-microbial agents has shown mortality benefit. Prompt diagnosis and a
high index of suspicion are crucial to the management. We present three cases of
TBSS with poor outcome in the majority despite timely and susceptible antibiotic
administration.
CASE SUMMARY
Sixty-seven-year-old woman with latent TB presented with fever, cough, and
shortness of breath. She was promptly diagnosed with active TB and started on
the appropriate anti-microbial regimen; she had a worsening clinical course with
septic shock and multi-organ failure after initiation of antibiotics. Thirty-threeyear-old man immunocompromised with acquired immune deficiency syndrome
presented with fever, anorexia and weight loss. He had no respiratory symptoms,
and first chest X-ray was normal. He had enlarged liver, spleen and lymph nodes
suspicious for lymphoma. Despite broad-spectrum antibiotics, he succumbed to
refractory septic shock and multi-organ failure. It was shortly before his death
that anti-TB antimicrobials were initiated based on pathology reports of bone
marrow and lymph node biopsies. Forty-nine-year-old woman with asthma and
latent TB admitted with cough and shortness of breath. Although Initial sputum
analysis was negative, a subsequent broncho-alveolar lavage turned out to be
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positive for acid fast bacilli followed by initiation of susceptible ant-TB regimen.
She had a downward spiral clinical course with shock, multi-organ failure and
finally death.

Manuscript source: Unsolicited

CONCLUSION
Worse outcome despite timely initiation of appropriate antibiotics raises
suspicion of TB immune reconstitution as a possible pathogenesis for TB septic
shock.
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Core tip: Tuberculosis septic shock is a rare entity. We present three cases of tuberculosis
septic shock with varied clinical manifestations. Mycobacterium tuberculosis culture or
nucleic acid amplification testing confirmed diagnosis of tuberculosis. All of our
presented cases had poor outcome despite timely administration of appropriate antituberculosis regimen. There was clinical and radiological deterioration after
administration of anti-microbial agents. This deteriorating clinical course raises a
concern for immune reconstitution as possible pathogenesis for tuberculosis septic
shock.
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INTRODUCTION
Sepsis is a significant burden on healthcare across the globe[1]. In United States, there
are 970000 cases of sepsis annually[2]. In United States overall sepsis, related mortality
is 12.5%. The severity of sepsis affects outcomes, with 35% mortality in septic shock[2].
Prompt diagnosis and early treatment is key to management. Any delay in antibiotics
administration is associated with the worsening of sepsis severity[3].
Martin et al[4] analyzed 2.6 million sepsis cases from the premier database in United
States, for six years. Fifteen percent of patients did not manifest sepsis at the time of
hospitalization. The mortality outcomes were worst in this group of patients. The
group of patients with sepsis at presentation have lower mortality. This improved
outcome may be attributed to the timely diagnosis and prompt antibiotics
administration.
Empiric antibiotic administration within one hour of presentation has been proven
to lower sepsis-related mortality[5]. Broad spectrum anti-microbial agents are selected
based on the most common gram positive and gram negative bacterial infection[6].
Respiratory tract infection is the most common etiology for sepsis and septic shock[7].
Tuberculosis (TB) is an uncommon but well-recognized etiology of sepsis and is
seldom discussed in the western population.
Mycobacterium tuberculosis is an acid-fast bacteria with a predominant pulmonary
presentation[8], though not a frequent cause of pneumonia in the western population.
Only twenty percent of the cases have a sole extra-pulmonary manifestation[8]. The
incidence of TB septic shock (TBSS) though not reported, is sporadic. The Center for
Disease Control and Prevention have reported a declining incidence in the diagnosis
of TB[9]. The rarity of TBSS makes this case series novel. We describe three cases of
TBSS that presented in our institution. Despite the diagnosis of sepsis at presentation,
case fatality rate is very high, as opposed to the general expectation in sepsis
epidemiology [2] . Each case is unique with its presentation, and this case series
provides an excellent opportunity to analyze the demographic features, clinical
characteristics, radiologic and laboratory findings as well as the pitfalls in the
management of patients with TBSS.
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CASE PRESENTATION
Case 1
Chief complaint: A 67-year-old female presented to the emergency department with
progressively worsening shortness of breath and fever.
History of present illness: The patient complained of twenty pounds’ weight loss
over three months. She had shortness of breath, fever and productive cough for a
duration of four weeks.
History of past illness: She had medical conditions of hypertension, chronic
obstructive pulmonary disease, gastroesophageal reflux disease, gout and a 40-pack
year history of smoking. She lived at home and had a history of exposure to TB when
she was 9 years old as well as a known positive tuberculin skin test. She had never
traveled outside the country.
Physical examination: Her vital signs were significant for low-grade fever of 37.9 °C,
heart rate of 110 beats per minute, blood pressure of 165/100 mm of Hg and oxygen
saturation of 96% on room air. She had bilateral rales on lung auscultation and rest of
the physical exam was unremarkable
Laboratory examinations: Blood analysis was significant for hyponatremia (sodium
118 mEq/L) and anemia (Hemoglobin 7.3g/dL).
Imaging examinations: Chest X-ray and computed tomography (CT) scan on
admission showed bilateral patchy infiltrates predominantly in the upper lobes
(Figure 1A and B ).
Treatment: Ceftriaxone and azithromycin were initiated for community-acquired
pneumonia (CAP), and she was admitted to intensive care unit (ICU) for sepsis and
hyponatremia. She was also placed in respiratory isolation due to high suspicion for
TB. On day 2 of admission, sputum acid fast bacilli (AFB) stain was reported positive,
and the patient was started on isoniazid, rifampin, ethambutol, and pyrazinamide
(RIPE) for Mycobacterium tuberculosis. Human immunodeficiency virus (HIV) test was
negative. Mycobacterium tuberculosis was confirmed by polymerase chain reaction
(PCR) before the final culture report. Subsequently, she became progressively more
hypoxic and hypotensive requiring mechanical ventilation and vasopressor support.
Chest X-ray after intubation showed worsening of bilateral lung infiltrates (Figure
1C). She developed multi-organ failure secondary to shock including hepatic and
renal dysfunction requiring hemodialysis. Patient was also initiated on high dose
steroids, and antibiotic coverage was broadened with no significant improvement in
hemodynamic status.
Final diagnosis: Septic shock due to Mycobacterium tuberculosis.
Outcome and follow up: Due to poor prognosis and no improvement in the patient’s
condition, the family wished for transfer to hospice care and patient died on day 22 of
hospitalization. Final culture and susceptibility reports confirmed sensitivity to RIPE.

Case 2
Chief complaints: A 33-year-old man was called to come to the emergency
department for abnormal laboratory results.
History of present illness: In the emergency department he reported subjective fever,
poor appetite and weight loss for one month. He also reported diarrhea for past few
days but no abdominal pain, nausea, vomiting, cough or shortness of breath.
History of past illness: Patient had known history of HIV/acquired immune
deficiency syndrome (AIDS) not adherent to antiretroviral medications with very high
viral load and CD4 count of less than 20, past intravenous drug use and active tobacco
dependence. He had history of anemia and deep vein thrombosis and was living in a
nursing home for few months prior to presentation. He was born in Puerto Rico and
came to the Unites States a year ago.
Physical examination upon admission: His vital signs were significant for
hypotension with blood pressure of 91/60 mmHg, tachycardia with heart rate of 130
beats per minute and fever with temperature of 39.4 °C. On physical examination he
was lethargic and confused. Hypotension initially improved with intravenous fluids
Laboratory examinations: Initial laboratory data was significant for leukocytosis of
31151/µL and hyponatremia (sodium 121 mEq/L).
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Figure 1

Figure 1 Chest X-ray and computed tomography (case 1). A: Chest X-ray demonstrating the bilateral patchy
infiltrates at the time of admission; B: Computed tomography scans of chest with coronal section demonstrating
bilateral patchy infiltrates at the time of admission; C: X-ray chest demonstrating worsening of the bilateral infiltrates
after intubation and initiation of anti tuberculosis medications.

Imaging examinations: Chest X-ray on admission showed no infiltrates (Figure 2A).
Ultrasound of abdomen was significant for hepatosplenomegaly, ascites and enlarged
peri-pancreatic lymph nodes
Treatment: Patient was admitted to the critical care unit with a presumptive diagnosis
of sepsis and initiated on the broad spectrum antibiotics (vancomycin and
piperacillin-tazobactam). He was started on metronidazole for suspected Clostridium
difficile colitis. Subsequently he developed acute hypoxic respiratory failure and septic
shock requiring intubation and vasopressor support. Chest X-ray after intubation
showed new bilateral infiltrates (Figure 2B). Blood cultures were negative. He
underwent lumbar puncture which showed an opening pressure of 35 cm of H2O, red
blood cell (RBC) of 1825 cells/dL, white blood cell count of 1 cell/dL, glucose of 65
mg/dL and protein 36 mg/dL. In view of significant RBC count in cerebrospinal fluid
(CSF) and high opening pressure, he was also initiated on acyclovir as empiric
treatment for herpes simplex encephalitis. Broncho alveolar lavage (BAL) was
negative for bacterial, viral, fungal and Pneumocystis jirovecii cultures. Initial smears
for AFB were negative. The CSF bacterial cultures and herpes simplex virus PCR were
negative. He was initiated on antiretroviral therapy on day 8 of hospitalization after
preliminary cultures were negative. In view of persistent fever spikes and
lymphadenopathy, hematology consultation was obtained and patient underwent
bone marrow biopsy, and right axillary lymph node biopsy. Caspofungin was added
to his antibiotic regimen for refractory septic shock and persistent fever. Bone marrow
biopsy was positive for acid fast organisms. Pathology of right axillary lymph node
biopsy reported as necrotizing granulomas with mycobacteria. An empiric treatment
for Mycobacterium tuberculosis and mycobacterium avium complex with Isoniazide,
Ethambutol, Rifabutin, pyrazinamide and clarithromycin was initiated awaiting final
confirmation
Final diagnosis: Septic shock due to Mycobacterium tuberculosis.
Outcome and follow up: Patient died secondary to worsening shock and multi organ
failure after 22 d of admission. Sputum, BAL and peritoneal fluid cultures were
reported positive for Mycobacterium tuberculosis complex post mortem and
susceptibility reports confirmed no resistance.
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Figure 2

Figure 2 X-ray chest (case 2). A: X-ray chest with no infiltrates at the time of admission; B: X-ray chest with new
infiltrates and hypoxia requiring intubation and mechanical ventilation.

Case 3
Chief complaints: A 49-year-old woman presented to the hospital with productive
cough for three to four weeks.
History of present illness: Patient presented with worsening cough, shortness of
breath and wheezing. She denied fever, chills, weight loss, recent travel or sick
contacts.
History of past illness: Her medical conditions included hypertension, latent TB
(treated for 6 mo in 2007 as per patient), Asthma and smoking.
Physical examination upon admission: Vital signs were significant for mild
tachycardia with heart rate of 114 beats per minute. She was afebrile with normal
blood pressure and oxygen saturation of 98% on room air. There was bilateral
wheezing on auscultation and rest of the examination was unremarkable.
Laboratory examinations: Initial blood analysis revealed leukocytosis with white
blood cell count of 11300 cells/µL. Her electrolytes and liver function tests were
normal except a high alkaline phosphatase level of 111 unit/dL.
Imaging examinations: Chest X-ray on admission showed a stable left upper lobe
thick walled cavity and new left lower lobe infiltrates in comparison to the chest X-ray
done few weeks ago (Figure 3A). CT of the chest was done which revealed additional
left lung thick walled cavities and multiple nodules on both sides (Figure 3B).
Treatment: Given the high suspicion for TB she was placed on respiratory isolation,
and started on broad spectrum antibiotics with intravenous piperacillin-tazobactam
and vancomycin. Three sputum samples were initially negative for AFB. Differential
diagnoses included pulmonary TB, atypical mycobacteria and fungal infections. She
underwent bronchoscopy, BAL and trans bronchial biopsy. The BAL stains were
positive for AFB and mycobacterium TB was identified with DNA probe and
subsequent cultures. Cultures from BAL also grew pseudomonas aeruginosa in low
colony counts of 1000-9000 CFU/mL. Pseudomonas was pan sensitive. Antibiotics
were titrated, with initiation of RIPE and discontinuation of vancomycin.
Final diagnosis: Septic shock due to Mycobacterium tuberculosis.
Outcome and follow up: On day 6 of admission, her respiratory status declined to
require intubation for hypoxic respiratory failure and transfer to ICU. She developed
worsening bilateral infiltrates (Figure 3C), hyponatremia (sodium 125 mEq/L) and
septic shock. She remained in shock and died on day 12 of hospitalization.

DISCUSSION
There is ample literature to support the case fatality of TBSS[10]. It is evident that
prompt identification and early antibiotic administration improves mortality. The
mortality risk factors of TB patient who are critically ill have been identified [11] .
However, given the scantiness of TBSS, no standard protocol is constructed to
improve the outcomes of this rare entity. We reviewed our cases and analyzed them
to determine the hurdles in the management of TBSS. To better understand the
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Figure 3

Figure 3 X-ray chest and computerized axial tomography (case 3). A: X-ray chest revealing the left upper lobe
cavity and left lower lobe infiltrates at time of admission; B: Computerized axial tomography scan of the chest at time
of admission revealing left lung thick walled cavities and multiple nodules on both side; C: X-ray chest revealing
worsening of the bilateral infiltrate after intubation and of the anti-tuberculosis medications.

management of TBSS we divided it into several categories. This includes
understanding pathophysiology of TBSS, high risk clinical features, modalities for
prompt diagnosis and utility of empiric TB treatment based on clinical suspicion.
TBSS is extremely rare. Kethireddy et al[10], in a limited institutional review across
the globe, could identify TBSS as etiology of septic shock in 1% of the cases in a pool
of 5419 patients. A Majority of them were identified outside the United States. The
incidence in United States was almost undetectable. Given the clinical rarity of TB in a
low prevalence area [10] the suspicion for diagnosis is low. Hence areas of high
prevalence of TB should be identified. California leads the TB incidence rate in United
States, followed by Texas, New York, and Florida[12]. Over a one-year duration in New
York, there was a 10% increase in the number of TB cases from 2016 to 2017[13]. Each
institution should identify their level of risk for TB based on the geography and the
time trends in the incidence of TB.
Clinical features such as fever of prolonged duration, typical chest radiograph
findings, latent TB as diagnosed by a positive skin tuberculin test [14] are highly
suspicious for active TB infection. Akin to these clinical parameters a predictive model
has been proposed for the diagnosis of TB in hospitalized patients[15]. Hence, the
amalgam of high geographic prevalence along with time trends and symptomatic
suspicion for active TB should be used towards the clinical acumen for early
identification of high-risk cases.
An efficient testing protocol should be promptly paired with high clinical suspicion
for TB to arrive at a definitive diagnosis. Pulmonary manifestations are the most
common presentations. Typical chest radiologic findings have a major role in high
clinical suspicion. However, it lacks specificity[16]. Chest X-ray and clinical features can
be miss-interpreted as CAP[17]. Patients are frequently managed with the CAP targeted
anti-microbial agents prior to diagnosis of TB[18]. Sputum microscopy with acid-fast
staining, the initial step in diagnosis, is prompt and simple though at the expense of
reliability due to low sensitivity[19]. The determination of pulmonary TB, as per WHO
recommendation, requires demonstration of bacteria in the sputum[20]. A sputum
culture is reliable, preferred and gold standard for diagnosis of pulmonary TB.
However, cultures come with the expense of time and take two to six weeks for them
to be reported[19]. The nucleic acid amplification testing (NAAT) in sputum is a perfect
blend of swiftness and reliability[21] to derive a microbiological conclusion and to
initiate the TB anti-microbial agents. The sensitivities differ in the sputum positive
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and negative TB patient[21]. There is an increase in the utilization of the NAAT over
time[22]. There is no consensus on performing NAA for all hospitalized patients with
suspected active TB. Centers for Disease Control recommends sputum NAAT on at
least one sputum specimen in a patient with clinical signs suggestive of TB if the
intended test changes the management by establishing the diagnosis[23,24].
The clinical manifestations of TB for patients with HIV induced
immunosuppression are unalike to immunocompetent host. HIV infected individuals
are more likely to have extra-pulmonary TB as compared to HIV negative
individuals[25]. Those with lower CD4 count are more likely to have extra-pulmonary
TB [26] . A wide array of the differentials for the systemic illness in patients with
advanced AIDS, as in our scenario, makes the diagnosis of the disseminated TB
challenging. HIV infected individuals with TB can have atypical chest radiological
findings[27], with a small proportion of them with normal chest radiographs[24]. These
adversities of atypical manifestations in conjunction with uncharacteristic radiological
findings in patients with HIV hinders the early administration of anti-TB medication
and hence can have worse outcomes in TBSS.
The culture of empiric treatment of TB differs across the globe. We assume that the
incidence and prevalence of the disease guides the trend. The term “empiric” depicts
two fundamental concepts. First is the presumptive treatment for a suspicious disease
while awaiting the diagnosis. Second is the presumptive regimen while expecting the
culture and sensitivity. Both parameters will affect the outcomes in sepsis. Molecular
drug-resistance tests is prompt in detecting the drug resistance to isoniazid and
rifampicin[28] and can be used to titrate the anti-TB medication. However, given our
limited experience and the rare entity of TBSS, it is difficult to opine on routine use of
molecular drug-resistance tests for the management of TBSS. We performed a
standard drug susceptibility testing in the management of our patients, and no drug
resistance was identified.
Time is of the essence in the management of sepsis. The timing of the antibiotics is
categorized as: (1) The timing from emergency room triage; and (2) Timing from the
onset of sepsis or septic shock[29]. We carefully dissected Kethireddy et al[10]’s findings
to review the “timing” of antibiotics administration and outcome of TBSS. The
administration of the anti-tuberculous medications within 24 h of septic shock had
improved mortality outcomes. In our cases, we used our clinical acumen to arrive at a
prompt diagnosis of TB with appropriate susceptibility testing and timely
administration of anti-TB medications. Despite optimal management, the outcomes
were worst. These paradoxical findings ignited our curiosity to dig deeper into the
pathogenesis of TBSS.
The systemic inflammatory response syndrome (SIRS) is defined by the host
immune response in the form of four variables: Heart rate, respiratory rate,
temperature and leukocytosis[30]. Given the variable immune response, there were
some shortcomings to this definition of sepsis[31]. The inflammatory response can be
severe enough to cause the circulatory and metabolic abnormality identified as a
septic shock[32]. A prompt antibiotic administration targeting the inciting etiology of
SIRS should lead to the prevention of septic shock. However, in our cases, we
observed a paradoxical clinical worsening after administration of TB anti-microbial
agents which may be explained by post-antibiotic immune reconstitution
inflammatory syndrome (IRIS).
In our immunocompetent patients, the clinical course worsened after the initiation
of anti-TB medications. In Kethireddy et al[10]’s cases and other series[33] of critically ill
TB patients, we were unable to retrieve any similar observations of exacerbation of TB
induced sepsis after antibiotics administration. In HIV coinfection the entity of IRIS is
well recognized[34]. However, a paradoxical worsening during the anti-TB therapy
may be linked to TB IRIS in the HIV negative population[35]. In HIV uninfected TB IRIS
has an extra-pulmonary presentation and a chronic course[36]. The pathogenesis of TB
IRIS in the non-HIV has been proposed[37] but is not widely implemented in clinical
practice. TB bacillary load has been identified as one of the risk factors for TB IRIS[38].
Prednisone has been utilized for the prevention of IRIS[39]. However, there is no clear
consensus on steroid use in HIV negative patients, but can be considered[37]. A careful
review of the clinical course in a few case reports and series depicts a similar clinical
course[40-42]. Hence, one should evaluate the possibility of IRIS in clinical scenarios of
TBSS after TB antimicrobial administration.
Hyponatremia is another striking feature in our patients. Hyponatremia is
prevalent in patients with pulmonary TB and severity correlates with extensive
pulmonary parenchymal involvement and sputum positivity [43] . This correlation
depicts the possibility of a high TB bacterial load in patients with hyponatremia. The
pathogenies of hyponatremia, though poorly understood, has been linked to
inappropriate secretion of the antidiuretic hormone[44]. Hyponatremia, though not
statistically significant, has been related to high mortality rates in a patient with
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pulmonary TB[45]. But the rapid demise of the immunocompetent patients after TB
antimicrobial administration begs to ask the question if there is any correlation of
hyponatremia to high TB bacterial load and IRIS. To our knowledge, there is no study
protocol exploring this specific rationale. Given the scarcity of data, we do want to
conclude on this fact of hyponatremia and TB IRIS as an “observation” rather than
“strong association”.
The pathogenesis and clinical course of TB differ in immunocompromised patients
with frequent atypical presentation and extrapulmonary dissemination[46]. TB may
lead to worsening of HIV viremia and acceleration of immunosuppression[47], hence
increasing HIV related mortality[48]. In our patient with HIV co-infection, the onset of
the septic shock was before the TB diagnosis and medication administration. Clinical
findings were suggestive of the disseminated TB. The patient was on intravenous
steroids prior to the anti-TB microbial administration. This reveals different
pathophysiology then our immunocompetent hosts. The immune dysregulation is
more likely from the bacterial infection rather than immune-reconstruction. However,
advanced HIV could have contributed to the mortality despite anti-TB microbial
administration.

CONCLUSION
TBSS is well recognized and widely reported though at risk of delayed diagnosis
because of rare incidence in the United States. Antibiotics administration within 24
hours of the septic shock has been shown to improve mortality outcome in TBSS.
High degree of suspicion and sputum NAA can be utilized towards rapid diagnosis
and prompt administration of susceptible antibiotics. The pathogenesis of TBSS does
differ in immunocompromised patients as opposed to immunocompetent. The
paradoxical clinical worsening of patients with TB after susceptible antibiotics
administration leading to TBSS does arise the possibility of TB IRIS. Our series though
limited to ‘observational remark’ for TB IRIS as pathogenesis in an immunocompetent
host does appeal a need for the future registry to evaluate this phenomenon.
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Abstract
BACKGROUND
Multiple myeloma is a malignant neoplasm of the bone marrow characterized by
neoplastic proliferation of monoclonal plasma cells with a high relationship with
destructive bone disease. We present a case of a patient diagnosed with multiple
myeloma and sternal fracture in association with multiple bilateral rib fractures
and thoracic kyphosis, who developed a severe acute respiratory failure, thus
complicating the initial presentation of multiple myeloma. We discuss the
therapeutic implications of this uncommon presentation.
CASE SUMMARY
A 56-year-old man presented to Hematological Department after he had been
experiencing worsening back pain over the last five months, with easy fatigability
and progressive weight loss. He had no history of previous trauma. The chemical
blood tests were compatible with a diagnosis of multiple myeloma. A
radiographic bone survey of all major bones revealed, in addition to multiple
bilateral rib fractures, a sternal fracture and compression fracture at T9, T10, T11
and L1 vertebrae. Subcutaneous fat biopsy was positive for amyloid. We started
treatment with bortezomib and dexamethasone. After 24 h of treatment, he
presented dyspnea secondary to flail chest. He required urgent intubation and
ventilatory support being transferred to intensive care unit for further
management. The patient remained connected to mechanical ventilation (positive
pressure) as treatment which stabilized the thorax. A second cycle of bortezomib
plus dexamethasone was started and analgesia was optimized. The condition of
the patient improved, as evidenced by callus formation on successive computed
tomography scans. The patient was taken off the ventilator one month later, and
he was extubated successfully, being able to breathe unaided without paradoxical
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motion.
CONCLUSION
This case highlights the importance of combination between bortezomib and
dexamethasone to induce remission of multiple myeloma and the initiation of
positive airway pressure with mechanical ventilation to stabilize chest wall to
solve the respiratory failure. This combined approach allowed to obtain a quick
and complete resolution of the clinical situation.
Key words: Multiple myeloma; Flail chest; Bortezomib; Mechanical ventilation; Case
report

manuscript

Received: March 12, 2019
Peer-review started: March 15, 2019
First decision: June 7, 2019
Revised: July 23, 2019
Accepted: August 15, 2019
Article in press: August 16, 2019
Published online: September 11,

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This case report describes an adult patient with acute respiratory failure,
secondary to flail chest because of a multiple myeloma. It shows how positive pressure
in airway, in conjunction with an early treatment with bortezomib and dexamethasone,
may lead to a successful outcome for such patients with an otherwise poor prognosis.
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INTRODUCTION
Multiple myeloma is a malignant neoplasm of the bone marrow characterized by
neoplastic proliferation of monoclonal plasma cells[1]. Approximately 70%-80% of
patients with multiple myeloma eventually develop destructive bone disease[2]. Most
of the lesions are localized in the spine, pelvis or proximal extremities, according to
the regions of hematological active bone marrow[1,3].

CASE PRESENTATION
Chief complaints
We present a case of multiple bilateral rib fractures in association with sternal fracture
and thoracic kyphosis who developed a severe acute respiratory insufficiency
complicating the initial presentation of multiple myeloma.

History of present illness
A 56-year-old man presented to Hematological Department after he had been
experiencing worsening back pain over the last five months, with easy fatigability,
and progressive weight loss. He had no history of previous trauma.

History of past illness
Hypertension and mellitus diabetes, both under pharmacological treatment.

Physical examination
At intake, his blood pressure was 130/70 mmHg; pulse rate 70 beats/min; respiratory
rate 14/min and body temperature 35.7 °C.

Laboratory examinations
Blood chemical test results were as follows: creatinine 4.22 mg/dL; glomerular
filtration rate 15 mL/min; calcium 15.9 mg/dL and hemoglobin 6.7 g/dL. Serum β2microglulin level was elevated at 9.42 mg/L and serum albumin level was 2.7 g/dL.
The diagnosis of Kappa -light chain Bence-Jones multiple myeloma was established
on the basis of a bone marrow infiltration by 66% atypical plasmatic cells and a
monoclonal component kappa in serum (86 mg/dL) and in urine with a proteinuria of
2.9 g/24 h. Urine was positive for Bence-Jones proteins
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Imaging examinations
A radiographic bone survey of all major bones revealed, in addition to multiple
bilateral rib fractures (4th to 11th), the presence of a sternal fracture and compression
fracture at T9, T10, T11 and L1 vertebrae. The thoracic computed tomography (CT)
scan confirmed a depressed pathological fracture of the sternum (Figure 1A).

Further diagnostic work-up
With the results of the different tests, the patient was diagnosed with multiple
myeloma. It was staged as Durie-Salmon stage IIIB and International Staging System
IIIB. Subcutaneous fat biopsy was positive for amyloid.

FINAL DIAGNOSIS
The final diagnosis of the presented case was spontaneous sternal fracture secondary
to multiple myeloma, with flail chest and acute respiratory failure as the main
consequence.

TREATMENT
On the third day bortezomib was initiated at dose of 1.3 mg/m2 and dexamethasone
at dose of 40 mg/24 h by intravenous route as remission induction. After 24 h of
treatment, the patient suddenly presented dyspnea secondary to flail chest resulting
from multiple bilateral rib and sternum fractures (Figure 1B). Oxygen saturation by
pulse oximetry was 86% (FiO2 0.21). He required urgent intubation and ventilatory
support being transferred to intensive care unit (ICU) for further management. At the
ICU, paradoxical inward movements of the rib cage were evident bilaterally on
inspiration. The patient remained connected to mechanical ventilation as treatment
which stabilized the thorax on pressure control ventilation of 15 cm H2O and positive
end expiratory pressure of 7 cm H2O. The arterial pH was 7.4, PaO2 80 mmHg and
PaCO2 43 mmHg, breathing 28% oxygen. The patient, at ICU admission, was febrile
(axillary temperature, 38 °C), with white blood cells, 19000/µL. Chest radiography
revealed an infiltrate in the right lower lung. Methicillin-sensitive Staphylococcus
aureus was identified from tracheobronchial aspirates and the patient was treated with
cloxacillin at dose of 2 g/6 h by i.v. route, resulting in the eradication of the infection
after 14 d of treatment. The patient received selective digestive decontamination
during ICU-stay. Attempts to wean the patient caused the return of paradoxical
movements and respiratory failure. A second cycle of bortezomib plus
dexamethasone was started and analgesia was optimized. Surgical stabilization with
an external fixator was considered by Thoracic Surgery team but the idea was finally
dropped.

OUTCOME AND FOLLOW-UP
The condition of the patient improved, as evidenced by callus formation on successive
CT scans (Figure 1C and D), improvement in his respiratory status and a marked
decrease in urine kappa light chain levels to less than half the original value (0.55
g/24 h). The patient was taken off the ventilator one month later, and was extubated
successfully, being able to breathe unaided without paradoxical motion. On breathing
room air, arterial blood gas analysis revealed: pH, 7.49, PaO2, 70 mmHg and PaCO2,
40 mmHg. He was discharged from ICU and from the hospital 5 and 9 wk after his
hospitalization, respectively. The patient received further treatment with 4 cycles of
bortezomib with a good response. An allogenic transplantation was planned five
months after, but patient refused the therapy and subsequently was re-treated with 2
cycles of bortezomib at low doses. One year after his hospital admission the patient is
being followed up at the Department of Hemato-Oncology without further dyspnea.

DISCUSSION
Spontaneous flail chest is rare in multiple myeloma[4-7]. The main interest of this case
resides in restoring chest stabilization with the use of continuous positive pressure
ventilation during a short period of time, without need to perform surgery and
tracheostomy, while providing definitive chemotherapy. This objective was achieved
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Figure 1 Sagittal computed tomography image. A: A depressed pathological fracture of the sternum (yellow
arrow) resulting in an evident deformity of the anterior chest wall. Multiple spontaneous compression fractures of the
thoracic spine can also be observed (black arrows); B: Axial computed tomography (CT) image demonstrates multiple
rib fractures (white arrows) associated to bilateral lung consolidations (asterisks) and pleural effusion; C and D:
Control CT scan, realized months later, shows important improvement of both sternal (C, yellow arrow) and rib
fractures (D, white arrows), with the appearance of fracture calluses. Complete resolution of lung consolidations and
pleural effusion (D).

as determinated by the relationship between the substantially decreased urine kappa
light chain level, the tolerance to the weaning of the ventilator and the signs of partial
bone healing in the control by CT. It is well known that bortezomib has significant
activity in patients with relapsed/refractory multiple myeloma and its efficacy and
safety in renal failure has been observed in phase II studies[8] and more recently the
Phase III HOVON-65/GMMG-HD4 trial [ 9 ] describes the potential benefit of
bortezomib in patients with organ failure. The role of surgery for pathological sternal
fractures is not well defined and to date there is no standard treatment method for his
clinical condition[10]. Recently, Lee et al[6] described a case of multiple myeloma, who
presented flail chest and severe respiratory failure following blunt trauma
successfully treated by the Nuss operation. On the other hand, Abisheganaden et al[4]
described the use of continuous positive airway pressure ventilation through a
tracheostomy for pathological flail chest in multiple myeloma but after a long period
of ICU stay (> 3 mo). Surgery was not required in this case.

CONCLUSION
Despite its alarming presentation, the association of multiple myeloma and flail chest
does not necessarily predict a poor prognosis. Starting positive airway pressure to
stabilize the chest wall, as well as the association of bortezomib and dexamethasone to
induce a remission, may solve the respiratory insufficiency, in a short period of time,
without requiring surgical fixation.
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