
argument that opiatesmay have been used secondarily for sedation and
portended unfavorable endpoints. It may therefore be prudent to
incorporate an analgesia-first approachusing validatedpain assessment
tools to guide the administration of analgesics targeted to treat pain and
pain alone (5) and using a multimodal pain management technique
(pharmacological and nonpharmacological) to reduce opiate use (1).
Once pain is addressed if sedation is required because of agitation and
inability to redirect patients, one can then use either propofol or
dexmedetomidine—both agentswith similar risks for delirium yetwith
a superior profile over benzodiazepines (9–11). Although the study by
Duprey and colleagues does not prove causation or compare head to
head an analgosedation and an analgesia-first approach, it provides
clinicians with a clearer understanding of the risks associated with
opiates and sets the stage for a comparative trial of these twoapproaches
in critically ill patients to determine the best strategies to address pain in
this era of light sedation.�
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Atrial Fibrillation, Obstructive Sleep Apnea, and Continuous Positive
Airway Pressure: No Easy Fix

Sleep apnea (SA) and atrial fibrillation (AF) are common conditions
that frequently coexist; the relationshipbetween the two is complex and
probably bidirectional (1, 2). However, whether treating patients with
SA with continuous positive airway pressure (CPAP) influences the
amount or duration of AF is unknown. In this issue of the Journal,
Traaen and colleagues (pp. 573–582) report the first randomized

controlled trial (RCT) to determine the effects of CPAP on AF in
patients with paroxysmal AF. They convincingly demonstrate that
CPAP treatment does not affect the burden of AF after 5 months of
therapy (3).

This is an important area of research. BothAFandSAare not only
related to debilitating symptoms in some but are also associated with
embolic stroke risk. Risk management is key to stroke prevention. The
trialwaswell designed; patientswithAFwere recruited fromsecondary
care, either from cardiology clinics or patients referred for catheter
ablation.AllpatientswerescreenedforSAwithtwonightsof respiratory
polygraphy at home. Patients were enrolled with a mean AHI of.15
events/hour conventionally used to categorizemoderate and severe SA;
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SA was common in this population, 42% of patients screened fulfilled
these criteria. The majority of respiratory events were obstructive. An
ESS.15 was an exclusion for the trial. Overall, 18 patients were
excluded because they were too sleepy; of these, 12 also met other
exclusion criteria. All patients had a CPAP run in period and, after a
week off CPAP, an implantable loop recorder inserted. Patients were
then randomized to receive either supportive care only (n=54) or
supportive care togetherwithCPAP(n=55) for5months.Theprimary
endpoint was time in AF over the last 3 months of the trial compared
with the month before randomization.

Themean time inAF (i.e., theAFburden)decreased from5.6%
at baseline to 4.1% during the last 3 months of CPAP intervention
and from 5.0 to 4.3% in the control group. The adjusted between-
group difference at follow up was20.63 (95% confidence interval,
22.55 to 1.30) percentage points. There was no significant
difference between the two groups.

The headline is interesting, but is it surprising? It is certainly
biologically plausible that effective intervention to prevent hypoxemia
and airway occlusion might be expected to reduce the arrhythmia
burden.Preclinicalmodelsdemonstrateautonomicdysfunctioncaused
by intrathoracic pressure swings, hypoxia, hypercapnia, and
intermittentairwayocclusionresult inelectricalchangeswithintheatria
that predispose toAF (1, 2). In addition, observational studies reported
thatCPAP treatment ofOSAwas associatedwith a reduction inAF (4);
however, a small RCT in mild (AHI. 5) nonsleepy patients with SA
after cardioversion showed no benefit of CPAP in preventing
recurrence of AF (5). Although the trigger to initiate AF, particularly
fromthepulmonaryveins,playsarole inparoxysmalAF,theunderlying
substrate that promotes andmaintains the irregular rhythm becomes
increasingly important as the arrhythmia progresses. The alteration of
electricalpropertieswhenpersistentcanleadtostructuralremodelingof
atrial tissuetopromoteAF.Theconceptof“AFbegetsAF”hasbeenwell
established for more than 25 years (6). Effective lifestyle modifications
havebeenshowntobeable toreversethisviciouscircle.Abstainingfrom
alcohol (7) and weight loss (8) have both been shown to reduce AF
burden in RCTs. So why did this well-designed RCT fail to show an
effect for CPAP in this patient group?

It is possible of course that that treatment of SAwithCPAPhas no
effect on AF. This seems unlikely given the persuasive preclinical and
observational data; however, following SERVE-HF (9), unexpected
RCT findings regarding the use of respiratory support in cardiac
patients should not be dismissed. It seemsmore likely that the trial was
underpowered; the authors noted theAFburden in the studywas lower
than anticipated, and therefore the power to detect a 25% difference
betweenthe twogroupsdiminished.Theremustalsobequestionsabout
theoptimalnightly adherenceofCPAP,which, in thepreventionofAF,
might be far in excess of the 4-hour threshold shown to change
sleepiness or general cardiovascular risk. If the possible benefits of
therapy require cardiac structural remodeling, then perhaps 5 months
of using CPAP is insufficient to see an effect. The exclusion of patients
most likely to benefit from CPAP (i.e., those who are most sleepy)
introduces a bias more difficult to address. The inclusion and
randomization of sleepy patients raises ethical concerns. It is probably
not correct to withhold a treatment known to reduce both individual
morbidity and dangers posed by sleepy individuals to themselves and
wider society.

This trial sits within the wider context of other recent
disappointing results from RCTs in patients with SA in which
CPAP treatment has failed to meet primary cardiovascular

endpoints (10–12). A call for better phenotyping, innovative study
design using observational studies with propensity matching (13),
or an adaptive RCT design in which nonadherent patents might be
rerandomized to improve trial efficacy (14) have been suggested to
address these issues.

The authors should be congratulated for delivery of an RCT
that includes a CPAP run-in period and uses implantable loop
recorders toobtain robust arrhythmiadata as aprimary endpoint in
this study, akin to contemporary AF studies (15), over and above
the requirements of the AF consensus statement (16). For the
moment, there remains no high-quality evidence that CPAP
treatment influences the burden of AF in SA. We shall wait with
interest for phase II of this study (2) to shine light onwhetherCPAP
will influence the arrhythmiaoutcomeafter catheter ablation in this
group of patients.�
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A Ginger Root or Plum Model for the Tuberculosis “Granuloma”?

Many tuberculosis (TB) researchers tend to view lung lesions as largely
spherical “granulomas” and cavities as granulomas that have become
necrotic, expand, and erode into bronchi. Clinical TB pathologists and
radiologists, on the other hand, are aware that this image is an
oversimplification, partially inducedby the shift fromhumanautopsies
to animal models for immunopathology studies. Pioneering clinical
histopathology studies from the preantibiotic era showed that
postprimary disease begins as infection of lipid-laden foamy alveolar
macrophages and bronchiolar obstruction progressing to caseating
cavitary disease. Dissemination primarily happens via bronchogenic
rather than lymphatic and hematogenous spread (1–6). Radiologically,
bronchiole and alveolus obstruction correspond to the tree-in-bud
patterns commonly seen in computed tomography (CT) scans of adult
TB, as shown in postmortem thin sectionCT (7). Over the past decade,
the CT component of positron emission tomography (PET)-CT has
revealedwidenetworksof connected lesionswithcomplexmorphology
and bronchial thickening (8, 9), consistent with early studies.

In this issue of the Journal, Wells and colleagues (pp. 583–595)
combine micro-CT (mCT) imaging, histology, and
immunohistochemistry to confirm, refine, and extend these
underappreciated immunopathology concepts (10).mCTmerges high
resolution in the single digit micron scale with the power of three-
dimensional (3D) imaging to overcome the caveat of two-dimensional
(2D) histology staining, which both underestimates the connection
between lesions andoverestimates thedistancebetweenkeypulmonary
structures such as blood vessels, airways, and diseased tissue. The
authors first establish a correspondence between the cellular structures
seen in 2D histology images and the appearance of lesion areas inmCT
3Dreconstructions.Coregistering these two imagingmodalities reveals

complex ginger root–shaped lesion networks, oriented along airways
and the vasculature, nicely illustrated in multiple supplemental videos.
The3Drenderingof lesions connectedandshapedby thebronchial tree
suggests that airways are progressively replaced by lesions. To support
this theory, the authors resort to immunohistochemistry and histology
staining, showing obstructed bronchi with necrotic material, infected
neutrophils andmacrophages, and extracellular bacteria, spilling from
granulomas into airways, indicating bronchogenic spread of both
Mycobacterium tuberculosis bacilli and TB disease. Small nodules are
mostly spherical, wheras larger ones adopt ginger root–like shapes, and
epithelial cell remnants line the outside of granulomas, consistent with
nodules expanding along and destroying the bronchial architecture
(Figure 1). This expansion cooccurs with vascular pruning and
hemorrhage in the close vicinity of lesions, compromising access to
nutrients, anti-TB drugs, and oxygen.

A limitation of the study is the reliance on resected lungs from
patients with TB who had long-term and severe drug-refractory
disease. However, bronchial wall necrosis has also been observed in
old andmore recent postmortem studies (11). ComplementingmCT
with lower-resolution PET-CT (6) could overcome this potential
limitation because PET-CT is noninvasive, can be pursued
longitudinally starting before therapy initiation, and is not limited to
individuals undergoing lung resection. Through systematic
observational studies, the two methodologies could inform each
other todeterminehowmuch thepresentfindingscanbegeneralized
to less severe TB disease.

Theprevailing viewpoint that plum-shapedgranulomas are the key
lesions of both primary andpost-primaryTB is anoversimplification. In
animal models, TB granulomas often present as spherical or ovoid
structures within the parenchyma, whereas caseous pneumonia is
seldom observed, although this view could partially result from biases
introduced by 2D histopathology studies and the short-term nature of
mostmodels. Bronchogenic spread is not rare in rabbits andnonhuman
primates (12, 13), suggesting that mammalian models present
characteristics of both primary and post-primary TB but may fail to
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