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ACUTE PULMONARY EMBOLISM IN
CONTEMPQ@RARY,PRACTICE: FROM
DIAGNOSTIC STRATEGY TO RISK-
ADAPTED REPERFUSION

AHMET RIDVAN BIiLGIC!
INTRODUCTION
Acute pulmonary embolism (PE) is one of the major clinical
manifestations of venous thromboembolism and remains a time-
critical cardiovascular emergency. Its presentation is highly variable,
ranging from an incidental filling defect in a stable patient to
obstructive shock or cardiac arrest. For that reason, management
cannot be reduced to confirmation of clot within the pulmonary
arteries. A clinically useful approach combines pretest probability,
definitive imaging, right ventricular (RV) performance, evidence of
myocardial injury, bleeding risk, and the possibility that reperfusion
may be needed. Current European recommendations and the 2026
AHA/ACC multi-association guideline reflect this risk-based
approach; direct oral anticoagulants (DOACs) are preferred in many
eligible patients, whereas advanced reperfusion is reserved for
selected situations (Creager et al., 2026; Konstantinides et al., 2020).
The chapter follows the sequence of decisions faced in
practice. The first is whether PE can be safely excluded or must be
confirmed urgently. The second is whether a confirmed event carries
a meaningful risk of early deterioration. The third is how far
treatment should be escalated beyond anticoagulation. Catheter-
based treatment and mechanical thrombectomy are discussed within
this framework, because their expanding use has made patient
selection at least as important as technical availability.
Clinical Architecture and Pathobiology
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Most acute pulmonary emboli arise from thrombi formed in
the deep veins of the lower extremities or pelvis. Venous
thromboembolism is common in cardiovascular practice, and its
incidence rises markedly with age. Rates reported across populations
are not identical, reflecting differences in demographic structure,
inherited susceptibility, provoking exposures, access to health care,
and diagnostic intensity (Sgrensen et al., 2011; Tormene et al., 2011;
White, 2003).

Virchow's triad remains a useful way to understand why
venous thrombosis develops: stasis, endothelial injury, and
hypercoagulability often coexist rather than act in isolation. In
clinical terms, these mechanisms are represented by factors such as
major surgery or trauma, prolonged immobilization, active
malignancy, pregnancy and the postpartum period, estrogen
exposure, previous venous thromboembolism, inherited
thrombophilia, advanced age, obesity, heart failure, and selected
inflammatory or systemic disorders. Whether a provoking factor is
transient or persistent also matters later, because it influences
decisions about secondary prevention and treatment duration
(Anderson & Spencer, 2003; Pomp et al., 2008).

The hemodynamic consequences of PE are determined
largely by the response of the right ventricle to an abrupt increase in
pulmonary vascular resistance. As RV afterload rises, dilatation, wall
stress, ischemia, and impaired contractility may follow. Once RV
output falls, left ventricular filling and systemic cardiac output also
decline, creating a pathway to hypotension, obstructive shock, and
death. Gas exchange is impaired in parallel through ventilation-
perfusion mismatch, bronchoconstriction, neurohumoral effects, and
inflammatory endothelial activation. Thus, early mortality is driven
primarily by acute RV failure rather than by anatomic clot burden
alone (Konstantinides et al., 2020; Peracaula et al., 2024).

From Clinical Suspicion to Diagnostic Confirmation

-2



The first branch point in the diagnostic pathway is
hemodynamic status. In an unstable patient, waiting for a
conventional work-up may be unsafe. Bedside transthoracic
echocardiography (TTE) can rapidly identify acute RV pressure
overload and help exclude other causes of shock. Compression
ultrasonography may provide additional support by demonstrating
proximal deep vein thrombosis when computed tomography
pulmonary angiography (CTPA) cannot be obtained immediately.
Once the patient can be transported safely, urgent CTPA remains the
preferred test for confirmation (Creager et al., 2026; Konstantinides
et al., 2020).

In a stable patient, clinical probability determines the next
diagnostic step. The Wells and revised Geneva rules are useful
because they organize pretest probability and guide the use of D-
dimer rather than because either score can establish PE on its own.
With a low or intermediate probability - or a classification of PE
unlikely in a two-level strategy - a negative high-sensitivity D-dimer
can exclude PE without imaging. For patients older than 50 years, an
age-adjusted threshold of age x 10 microg/L can improve specificity
when fibrinogen-equivalent-unit assays are used. By contrast, a high
clinical probability should generally lead directly to imaging (Klok
et al., 2008; Righini et al., 2014; Wells et al., 2001).

CTPA is the first-line imaging study for most patients with
suspected acute PE. In addition to showing intraluminal filling
defects, it can reveal alternative thoracic diagnoses and provide
information about RV enlargement. The scan should still be
interpreted in the context of pretest probability, especially when the
only finding is an isolated subsegmental defect.
Ventilation/perfusion scintigraphy remains valuable when iodinated
contrast is undesirable, including selected patients with pregnancy,
severe renal dysfunction, or a history of severe contrast reaction. A
positive proximal compression ultrasound may establish venous

thromboembolism in the appropriate setting, but a negative study
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does not rule out PE (Konstantinides et al., 2020; Stein et al., 2006;
van Belle et al., 2006).

Other tests have supporting, not confirmatory, roles. Sinus
tachycardia and patterns of RV strain may appear on
electrocardiography, while arterial blood gases can show hypoxemia
and hypocapnia. Chest radiography is more useful for identifying
competing diagnoses than for diagnosing PE itself. Once PE has
been confirmed, cardiac troponin and natriuretic peptides contribute
to prognostic assessment. TTE may demonstrate RV dilatation, an
increased RV/LV ratio, or reduced tricuspid annular plane systolic
excursion; however, a normal examination does not exclude PE in a
hemodynamically stable patient (Kurnicka et al., 2016; Lang et al.,
2015; Stein et al., 1991).

Table 1. Practical Diagnostic Decision Framework for Suspected
Acute Pulmonary Embolism

Clinical setting Preferred sequence Key implication

Evidence of acute RV
overload in a

Immediate bedside TTE | compatible shock state

Hemodynamic
instability

+/- compression
ultrasonography; urgent
CTPA when feasible

may justify emergency
reperfusion when
definitive imaging
cannot be obtained
without unsafe delay.

Stable, high clinical
probability

Proceed directly to
CTPA

A negative D-dimer
should not be used as
the principal exclusion
strategy.
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Clinical setting

Preferred sequence

Key implication

Stable, low/intermediate

High-sensitivity D-

A negative D-dimer can
exclude PE; age-

according to the clinical
context

prqbability or PE dimer; CTPA if positive adjusted.thres?olds may
unlikely be used in patients >50
years.
Ventilation/perfusion Alternative imaging
imaging and/or should be selected
CTPA unsuitable or compression according to renal
contraindicated ultrasonography function, pregnancy,

contrast history, and
local availability.

Source: (Creager et al., 2026; Konstantinides et al., 2020; Righini et al., 2014; van
Belle et al., 2006)

Risk Stratification as a Treatment Decision Tool

After PE has been confirmed, risk stratification becomes a
treatment decision rather than a descriptive exercise. Hemodynamic
instability defines high-risk PE. This includes cardiac arrest,
obstructive shock requiring vasopressor support despite adequate
volume status, or persistent hypotension not attributable to another
cause. In these patients, acute RV failure is the immediate threat, and
reperfusion must be considered without delay (Creager et al., 2026;
Konstantinides et al., 2020).

The assessment is more nuanced in normotensive patients.
PESI or sPESI summarizes the clinical risk profile, while RV
dysfunction on imaging and elevation of cardiac troponin add
information about cardiopulmonary stress. Their combination
separates intermediate-low from intermediate-high risk. A patient
with preserved blood pressure but both RV dysfunction and
myocardial injury belongs to the intermediate-high-risk group.
Routine primary systemic thrombolysis is not recommended in this
setting, but close surveillance is warranted because early
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deterioration may trigger rescue reperfusion (Aujesky et al., 2005;
Donzé et al., 2008; Righini et al., 2011).

Low-risk PE also requires more than a reassuring score. Early
discharge or outpatient treatment is most appropriate when predicted
mortality is low, hemodynamics are stable, bleeding risk is
acceptable, and there is no clinically important RV dysfunction when
it has been assessed. Practical issues matter as well: the patient must
be able to adhere to treatment and obtain prompt medical review if
symptoms worsen. The Hestia criteria are useful in this respect
because they identify medical and social reasons that favor inpatient
care (Zondag et al., 2013).

Table 2. Risk Strata and Immediate Management Implications in
Acute Pulmonary Embolism

Immediate
Risk category Core profile management
implication
Urgent reperfusion
Hemodynamic strategy plus
instability: cardiac anticoagulation and
High risk arrest, obstructive organ support; systemic
shock, or persistent thrombolysis is standard
hypotension when not
contraindicated.
Therapeutic
Normotensive; adverse | anticoagulation with
clinical score plus RV monitored care; no
Intermediate-high risk dysfunction and routine primary
positive cardiac thrombolysis; rescue
troponin reperfusion if
deterioration occurs.
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Immediate
Risk category Core profile management
implication

Anticoagulation;
inpatient management
according to

Normotensive; adverse
clinical score with only

Intermediate-low risk one or neither of RV o
. . comorbidity, oxygen
dysfunction/troponin ) )
. requirement, bleeding
posltivity

risk, and clinical course.

Low clinical mortality Consider early

score, stable discharge or outpatient
Low risk physiology, and no anticoagulation after

major exclusion to Hestia/social

ambulatory care assessment.

Source: (Aujesky et al., 2005; Creager et al., 2026; Konstantinides et al., 2020;
Righini et al., 2011; Zondag et al., 2013)

Anticoagulation: Matching Drug Strategy to Clinical Context

Anticoagulation remains the basis of treatment for nearly
every patient with acute PE. When clinical probability is high,
bleeding risk is acceptable, and definitive imaging will be
substantially delayed, treatment may be started before confirmation.
The initial agent should be chosen with the whole clinical setting in
mind - hemodynamic stability, renal and hepatic function, possible
invasive procedures, pregnancy, active cancer, drug interactions,
body weight, and the likelihood that rapid reversal could become
necessary (Creager et al., 2026; Ortel et al., 2020; Stevens et al.,
2021).

Unfractionated heparin (UFH) is particularly useful when
clinicians need rapid titration and reversibility, as may occur in high-
risk PE, advanced renal dysfunction, or before an anticipated
reperfusion procedure. For stable patients who require parenteral
anticoagulation, low-molecular-weight heparin (LMWH) is
generally more convenient because its pharmacokinetics are

--7--



predictable and routine laboratory monitoring is usually
unnecessary. Fondaparinux is another once-daily option for stable
patients with adequate renal function (Biiller et al., 2003; Ortel et al.,
2020; Stevens et al., 2021).

For many hemodynamically stable patients, a DOAC offers
the simplest oral strategy. Apixaban and rivaroxaban can be started
immediately using their intensified initial regimens. Dabigatran and
edoxaban, in contrast, are introduced only after at least 5 days of
parenteral anticoagulation. Randomized trials established efficacy
comparable with conventional therapy for prevention of recurrent
venous thromboembolism, with an overall favorable bleeding
profile. On that basis, current guidelines prefer DOACs to vitamin K
antagonists when no important contraindication is present (Agnelli et
al., 2013; EINSTEIN-PE Investigators, 2012; Creager et al., 2026).

Several patient groups require a different approach. Vitamin
K antagonists remain preferred in triple-positive antiphospholipid
syndrome, and DOACs are avoided during pregnancy. In active
cancer, either a DOAC or LMWH may be suitable, although
gastrointestinal and genitourinary malignancies warrant particular
attention to mucosal bleeding and drug-drug interactions. Standard-
dose apixaban or rivaroxaban can be considered in severe obesity.
After bariatric surgery, however, uncertain absorption may make
parenteral anticoagulation or a vitamin K antagonist more
appropriate (Lyman et al., 2021; Martin et al., 2021; Stevens et al.,
2021).

Table 3. Selected Anticoagulant Regimens for Acute Pulmonary
Embolism

8-



Agent

Initial regimen

Ongoing regimen /
practical note

Unfractionated heparin

80 U/kg IV bolus (or
5,000 U), then 18
U/kg/h infusion

Titrate according to
institutional aPTT/anti-
Xa protocol; useful
when rapid reversal or
reperfusion is
anticipated.

1 mg/kg subcutaneously
every 12 h (alternative

Preferred parenteral
option in many stable

E .
floxaparin 1.5 mg/kg once daily in | patients; renal function
selected patients) must be considered.
<50 kg: 5
. & > Mg once Avoid in severe renal
. daily; 50-100 kg: 7.5 . . ..
Fondaparinux . impairment (creatinine
mg once daily; >100 kg: )
. clearance <30 mL/min).
10 mg once daily
Then 20 mg once daily;
10 dail
. 15 mg orally twice daily 8 o.nce a.1 ymay
Rivaroxaban be considered in
for 21 days ) .
selected patients during
extended therapy.
Then 5 mg twice daily;
2.5 mg twice dail
. 10 mg orally twice daily me .w1ce .a1 y may
Apixaban be considered in
for 7 days . .
selected patients during
extended therapy.
Atl f
. tieast 5, days o Then 150 mg orally
Dabigatran therapeutic parenteral . .
] . twice daily.
anticoagulation
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Ongoi i /
Agent Initial regimen ngoll ng regimen
practical note
Then 60 mg orally once
daily, with d
At least 5 days of a y .WI . ose
i modification when
Edoxaban therapeutic parenteral s
] i indicated by renal
anticoagulation . )
function, body weight,
or interacting drugs.

Source: (Agnelli et al., 2013; Biiller et al., 2003; EINSTEIN-PE Investigators,
2012; Ortel et al., 2020; Stevens et al., 2021)

Reperfusion Therapy: Escalation Beyond Anticoagulation

Reperfusion is indicated because of clinical instability, not
simply because CTPA shows a large clot burden. For high-risk PE
and an acceptable bleeding profile, systemic thrombolysis remains
the fastest widely available pharmacologic option. Alteplase 100 mg
over 2 hours is the conventional regimen. The price of this rapid
effect is bleeding risk, particularly intracranial hemorrhage, which is
why primary systemic thrombolysis should not be used routinely in
stable intermediate-risk PE. In PEITHO, fibrinolysis reduced
hemodynamic decompensation but increased major and intracranial
bleeding, illustrating the central risk-benefit trade-off (Meyer et al.,
2014; Konstantinides et al., 2020).

If systemic thrombolysis is contraindicated or unsuccessful,
the next option depends on urgency, anatomy, available expertise,
and local resources. Catheter-directed thrombolysis aims to achieve
reperfusion with a lower local fibrinolytic dose. Mechanical
thrombectomy and aspiration systems take a different approach by
removing thrombus with little or no thrombolytic exposure. The
2022 ESC clinical consensus document and the 2026 AHA/ACC
guideline support catheter-based reperfusion in selected high-risk
patients and as rescue treatment after clinical deterioration. They do
not support routine first-line intervention in every hemodynamically
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stable intermediate-high-risk patient (Creager et al., 2026; Pruszczyk
et al., 2022).

The evidence base for device-based reperfusion is growing,
although the strength of evidence differs among studies. In FLARE,
FlowTriever thrombectomy reduced the RV/LV ratio at 48 hours in
intermediate-risk PE with a low major bleeding rate. FLASH
subsequently reported early reductions in pulmonary artery pressure
and RV strain in routine practice, and the nonrandomized FLAME
study described favorable in-hospital outcomes in selected high-risk
patients treated with FlowTriever. EXTRACT-PE showed a
comparable short-term fall in RV/LV ratio with the Indigo aspiration
system, and most patients did not receive intraprocedural
thrombolysis. PEERLESS provided a direct randomized comparison
of large-bore mechanical thrombectomy and catheter-directed
thrombolysis in intermediate-risk PE. Its hierarchical composite
endpoint favored thrombectomy, largely because of less clinical
deterioration or rescue therapy and lower intensive-care use; a clear
mortality or major-bleeding advantage was not demonstrated (Jaber
et al., 2025; Silver et al., 2023; Sista et al., 2021; Toma et al., 2023;
Tu et al., 2019).

These findings are clinically important, but they should not
be overinterpreted. Several device studies are single-arm and many
rely on surrogate outcomes such as RV/LV ratio or pulmonary artery
pressure. It remains uncertain whether early hemodynamic
improvement translates into lower mortality, fewer recurrent events,
better functional recovery, or less chronic thromboembolic disease.
This uncertainty is one reason a multidisciplinary Pulmonary
Embolism Response Team (PERT) can add value in difficult cases,
where shock severity, bleeding risk, clot location, comorbidity,
procedural risk, and institutional capability must all be weighed
together.

Surgical pulmonary embolectomy remains a definitive

reperfusion option when thrombolysis cannot be given or has failed,
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particularly if catheter-based treatment is unavailable, unsuitable, or
unsuccessful. Results are influenced by how early surgery is
performed, the experience of the surgical team, and the degree of
circulatory collapse before intervention. In carefully selected
patients with refractory shock or cardiac arrest, mechanical
circulatory support can be used as a bridge to definitive treatment
(Goldberg et al., 2023).

Table 4. Contemporary Reperfusion Options and Evidence

Considerations

Strategy

Typical clinical role

Evidence / limitation

Systemic thrombolysis

First-line reperfusion
for high-risk PE when
bleeding risk is
acceptable; rescue
option after
deterioration

Rapid, widely available
reperfusion; major
bleeding and
intracranial hemorrhage
constrain use in stable
intermediate-risk PE.

Catheter-directed
thrombolysis

High-risk PE when
systemic thrombolysis
is
contraindicated/unsucce
ssful; selected rescue
scenarios

SEATTLE II
demonstrated
improvement in RV/LV
ratio, but the single-arm
design does not prove
superior safety versus
systemic thrombolysis.

FlowTriever mechanical
thrombectomy

Selected intermediate-
risk or high-risk PE
requiring rapid
thrombus extraction
without systemic lysis

FLARE, FLASH, and
FLAME support short-
term hemodynamic
improvement; mortality
benefit remains
uncertain.
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Strategy

Typical clinical role

Evidence / limitation

Selected intermediate-

EXTRACT-PE showed

reduced RV/LV ratio
Indigo aspiration risk PE when ) .
. with very limited use of
thrombectomy aspiration-based )
L intraprocedural
reperfusion is favored )
thrombolysis.
PEERLESS favored
thrombectomy for a
hierarchical composite
Large-bore . . . .
Selected intermediate- outcome driven mainly
thrombectomy vs i . .
) risk PE considered for by clinical
catheter-directed . ) L
. catheter intervention deterioration/rescue
thrombolysis
therapy and ICU use,

not a proven mortality
advantage.

Surgical embolectomy

High-risk PE when
thrombolysis is
contraindicated/failed
or catheter treatment is
unsuitable

Potentially lifesaving
but highly dependent on
rapid referral, surgical
expertise, and
perioperative support.

Source: (Creager et al., 2026; Goldberg et al., 2023; Jaber et al., 2025; Piazza et al.,
2015; Pruszczyk et al., 2022; Silver et al., 2023; Sista et al., 2021; Toma et al.,
2023; Tu et al., 2019)

Duration of Therapy and Prevention of Recurrence

A minimum 3-month course of anticoagulation is required
for acute PE unless an exceptional contraindication develops. Three
months is often sufficient when the event was provoked by a major
transient risk factor that has resolved. Longer treatment deserves
consideration when the recurrence risk persists - for example after
unprovoked PE, recurrent venous thromboembolism, active cancer,
persistent risk factors, or selected high-risk thrombophilias -
provided that the expected benefit remains greater than the bleeding
risk (Prandoni et al., 2007; Stevens et al., 2021).

13-



The decision to continue anticoagulation beyond the initial
treatment phase should be revisited over time rather than treated as
permanent by default. Renal and hepatic function, interval bleeding,
interacting drugs, cancer activity, recurrence risk, and patient
preference may all change. For selected patients continuing a
DOAC, reduced-dose apixaban 2.5 mg twice daily or rivaroxaban 10
mg once daily can be used for extended prevention. In active cancer,
treatment may continue beyond 3-6 months while the malignancy
remains active and bleeding risk is acceptable (Lyman et al., 2021;
Stevens et al., 2021).

CONCLUSION

Management of acute PE is best approached as a sequence of
risk-based decisions. Pretest probability determines how D-dimer
and imaging are used; after diagnosis, hemodynamic status, RV
function, myocardial injury, and the broader clinical profile
determine the level of monitoring and the need for reperfusion.
Anticoagulation is sufficient for most patients, and DOACs are
preferred in many who are eligible for oral therapy. Reperfusion,
however, should follow clinical instability and bleeding risk rather
than clot burden in isolation. Systemic thrombolysis remains the
standard rapid reperfusion treatment for high-risk PE when it can be
given safely. Catheter-directed therapy, mechanical thrombectomy,
and surgical embolectomy broaden the options when thrombolysis is
contraindicated, ineffective, or when the patient deteriorates. The
unresolved issue is no longer whether advanced devices can improve
short-term hemodynamics; it is which patients gain a durable clinical
benefit. Future randomized studies should therefore focus on
mortality, functional recovery, recurrent events, chronic
thromboembolic disease, and patient-centered outcomes in addition
to imaging-based surrogate endpoints (Creager et al., 2026; Jaber et
al., 2025; Pruszczyk et al., 2022).
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BOLUM 2

ASTIM TEDAVISINDE BiYOLOJIiK AJANLAR VE
REMISYON KAVRAMININ KILAVUZLARA GIRiSi

Ummiihan Tugba TUMUKLU!
Giris

GINA'nin en giincel tanimina goére astim, hava yollarinda
kronik enflamasyonla seyreden heterojen bir hastalik olup hisilti,
nefes darlig, gogiiste sikisma hissi ve oOksiiriik gibi zamana ve
siddete gore degiskenlik gosteren solunumsal yakinmalar kinigi ve
degisken ekspiratuar hava akimi kisitlanmasinin bir arada bulunmasi
olarak tanimlanmaktadir (Global Initiative for Asthma, 2025).
Klinige genellikle hava yolu hiperreaktivitesi de eslik etmektedir.
Semptomlar ve akciger fonksiyonlari tedaviyle birlikte zaman i¢inde
normale donebilse de hastalik ilerledikce hava akimi kisitlanmasi
kalict hale gelebilir. 2021 yili verilerine gore diinya genelinde
yaklasik 260 milyon kisi astimla yagmaktadir. Yas standardize
prevalans oran1 1990'dan bu yana yaklasik %40 azalmis olsa da,
niifus artis1 nedeniyle 2050 yilina kadar hasta sayisinin 275 milyona
ulasmasi beklenmektedir (GBD 2021 Asthma and Allergic Diseases
Collaborators, 2025). Bu denli yaygin bir hastalikta tedavi yaklagimi
uzun yillar boyunca biiyiik 6lciide semptom kontrolii ve alevlenme

' Dr. Ogr. Uyesi, Yozgat Bozok Universitesi, Tip Fakiiltesi, Gogiis Hastaliklar

Béliimii, ORCID: 0009-0002-2998-9740
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sayisini azaltmak tizerine yiiriitiilmekte iken son on yilda bu tabloda
koklii bir degisim yasanmas1 dikkat gekicidir. Tip 2 inflamasyonu
hedefleyen biyolojik ajanlarin klinik kullanima girmesiyle birlikte
tedavi hedefi yalnizca semptomlar1 baskilamak degil, miimkiinse
tamamen durdurmak olarak degisiklik gosterdi.

Once alevlenme sikhigini ve oral kortikosteroid ihtiyacim
azaltmak amaciyla anti-interlokin-5 (anti-IL-5),
anti-interlokin-4/interlokin-13  (anti-IL-4/IL-13) ve anti-timik
stromal lenfopoietin (anti-TSLP) grubundaki ilaglar gelistirildi. Bu
tedaviler kullamlmaya baglanip gercek yasam verileri toplandikca,
bir kisim hastanin tedavi altinda neredeyse tamamen semptomsuz
kaldigi, akciger fonksiyonlarinin stabilize oldugu ve alevlenme
gecirmedigi tespit edildi. Bu gozlem 'klinik remisyon' kavramini
ortaya cikardi.

Astimda Tip 2 Inflamasyon ve Biyolojik Hedeflerin
Patofizyolojik Temeli

Astim hastalarinin  énemli bir kisminda hava yolu
inflamasyonu, T yardimc hiicre tip 2 (Th2) yamit1 {izerinden ilerler.
Bu yanitta en 6nemli rol, allerjenlere veya epitel hasarina kars1 aktive
olan Th2 hiicreleri ve grup 2 dogal lenfoid hiicreler (ILC2)
tarafindan sentezlenen interlokin-4 (IL-4), interlokin-5 (IL-5) ve
interlokin-13 (IL-13) sitokinlerine aittir. IL-5, kemik iliginde
eozinofil onciillerinin olgunlasmasini ve dolasima katilmasini
saglarken IL-4 ve IL-13 ise B hiicrelerinde immiinoglobulin E (IgE)
sinif degisimini tetikleyerek hava yolu diiz kasinda hiperreaktiviteyi
artirir ve mukus salgisini uyarir. Bu iki sitokin, interlokin-4 reseptor
alfa (IL-4Ra) adl ortak bir reseptor alt birimi iizerinden sinyal iletir.

Epitel hiicrelerinden salgilanan TSLP, bu yanitin biraz daha
yukarisinda, alarmin adi verilen bir grup sitokinin parcasidir.
Alerjen, viriis veya hava kirliligi gibi tetikleyicilerle hasarlanan
epitel TSLP salgilar; bu da hem dendritik hiicreleri hem ILC2'leri
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aktive ederek tip 2 yaniti baglamasini tetikler. TSLP'nin yolagin en
iist basamaginda yer almasi, ona yonelik planlanan tedavilerin
eozinofil sayisindan bagimsiz olarak etki edebilmesini saglar

(SEKIL1).
Sekil 1. Astimda Tip 2 (Th2) Enflamasyon Yolagi ve Biyolojik

Ajanlarin Etki Noktalari

Tetikleyiciler
Alerjen - Viriis -+ Hava kirliligi

‘ !
#
/
/[ Hava yolu epiteli (hasar) ]
/
!

I
!
!
!
!
,' — TSLP
I
I anti-TSLP
|
I
1
¥
Lh2 héicre ez
(1 yardimer hiicre tip 2) (Grup 2 dogal lenfoid hiicre)
1 ol 114 il \

[ IL-5 IL-13

ani-IL-4Re

Eozinolil dnciilleri
~ olgun evzinoliller

Hava yolu diiz kosiz
hiperreakeivite

Goblet hiicresi:
1mkns salgist

epitelden hagimsiz dagrudan akiivasyon

B hilcresi:
IgE suuf degisimi

il ajann hlokaj nokeast

Kaynak: Yazar tarafindan olusturulmustur.
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Anti-IL5/IL5R Tedaviler

IL-5 yolagini hedefleyen {i¢ ajan, mepolizumab, reslizumab
ve benralizumab, eozinofilik astimda uzun siiredir Kklinik
kullanimdadir. Mepolizumab ve reslizumab dolasimdaki IL-5'i
dogrudan noétralize ederken, benralizumab eozinofil yilizeyindeki IL-
5 reseptor alfa (IL-5Ra) alt birimine baglanir ve antikor bagimh
hiicresel sitotoksisite yoluyla eozinofillerin tamamina yakinim
ortadan kaldirmaktadir.

Mepolizumabin etkinligi, kan eozinofil sayis1 yiiksek ve
tekrarlayan alevlenmeli hastalarda yiiriitilen MENSA calismasinda
gosterilmistir. Bu calismada alevlenme sikliginin anlamh 6&lgiide
azaldig: bildirilmistir (Ortega ve ark., 2014). Benralizumab icin de
SIROCCO c¢aligmasinda benzer bulgular elde edilmis, ayrica oral
kortikosteroide bagimli  hastalarda idame doz azaltimim
degerlendiren ZONDA calismasiyla bu bulgular desteklenmistir
(Bleecker ve ark., 2016; Nair ve ark., 2017). Reslizumab ise
kilogram basina dozlanarak intraventz yoldan uygulanmasi ile diger
iki ajandan ayrilarak farklilik gostermektedir.

Bu grupta en yeni gelisme, Depemokimabin Aralik 2025'te
ABD Gida ve ila¢ Dairesi'nden (FDA) onay almasiyla yasanmistir.
Depemokimab, IL-5'e yiiksek afinite ile baglanan ve alti ayda bir
uygulanan ilk ultra-uzun etkili biyolojik ajandir. SWIFT-1 ve
SWIFT-2 faz 3 calismalan ile yillik alevlenme oraninin sirasiyla
yaklasik ylizde 58 ve ylizde 48 azalma sagladiginin ve hastaneye
yatis gerektiren agir alevlenmelerde ise havuzlanmis analizde yiizde
72'ye varan bir azalma saglandiginin bildirilmesi depemokimabi kisa
siirede alanda dikkatini ceken bir ajan haline getirmistir Jackson ve
ark. (2024). Aym zamanda yilda iki enjeksiyonla idame
saglanabilmesi, tedaviye uyumun sik sorun oldugu bir hasta
grubunda pratik bir avantaj saglamaktadir (Sekil 2).
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Sekil 2. Anti-IL-5/IL-5R Ajanlarinin Etki Mekanizmasi Algoritmasi

IL-5 Yolag:

/

s

Dolasimdaki serbest IL-5'i dogrudan nétralize eder

Eozinofil yiizeyindeki IL-5 reseptor
alfa'ya (IL-5Ra) baglanir

\

\

Mepolizumab

Reslizumab

|

/

Depemokimab*

L / __________ p

/

Benralizumab

\

Eozinofil dnciillerinin olgunlagmasi Antikor bagimli hiicresel
ve dolagima katilimi azalir sitotoksisite (ADCC) tetiklenir
T
\
\
\
\
\
i
\ 1\
\
\
\
bt Eozinofillerin tamamina
N yakin ortadan kalkar
\,
\,
S
N )
\
\

*Depemokimab — ilk ultra-uzun etkili anti-IL-5 ajani (6 ayda 1 doz)

FDA onay: Aralik 2025

SWIFT-1/ SWIFT-2 (faz 3): yillik alevlenmede ~%58 / %48 azalma;
agir alevlenmede (hastane yatisi) ~%72 azalma bildirilmistir

Kaynak: Yazar tarafindan olusturulmustur.

Anti-IL4/1L13 Tedaviler

Dupilumab, IL-4 ve IL-13'in ortak kullandigr IL-4Ra alt
birimini bloke ederek her iki sitokinin sinyalini ayni1 anda
durdurmaktadir. Boylece ajanin IgE iiretiminden hava yolu diiz kas
hiperreaktivitesine, mukus salgisindan epitel bariyer bozulmasina
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kadar genis bir etki alam ortaya ¢ikmaktadir. Dupilumabin diger
biyolojik ajanlarin aksine ortak reseptor {izerinden iki sitokini birden
hedef almasi onu digerlerinden ayiran 6nemli bir 6zelliktir.

Dupilumabin astimdaki etkinligi LIBERTY ASTHMA
QUEST calismasinda orta-agir kontrolsiiz astimli hastalarda yillik
agir alevlenme oranini plaseboya gore yiizde 46-48 azalmasi ve
baslangi¢c kan eozinofil sayis1 300 hiicre/ul. ve iizerinde olan
hastalarda bu azalma yiizde 67-73'e kadar c¢ikarmasi ile
kanitlanmistir (Castro ve ark., 2018). Endikasyon kararinda
genellikle kan eozinofil sayis1 veya FeNO degeri esik olarak
kullanilmasi, dupilumabi diger anti-IL5 ajanlarindan biyobelirteg
profili agisindan ayirmaktadir.

Atopik dermatit ve KRSwNP basta olmak iizere bircok tip 2
hastalikta aktif rol oynayan IL-4/IL-13 yolagim etkilemesi nedeniyle
dupilumab, atopik dermatit, KRSwINP, eozinofilik 6zofajit, prurigo
nodiilaris, kronik spontan iirtiker ve biill6z pemfigoid gibi farkh
endikasyonlarda  kullanilmaktadir. =~ BOREAS ile NOTUS
calismalarinda orta-agir alevlenmede plaseboya gore yiizde 34'e
varan azalma saglayarak Eyliil 2024'te, tip 2 inflamasyon bulgusu
tasiyan kronik obstriiktif akciger hastaliginda (KOAH) kullanilan ilk
biyolojik ajan olmasi ise dikkat cekicidir. Ayni patofizyolojik
mekanizma {izerinden gelisen hastalik birlikteliklerinde tek bir
ajanin kullanilabilmesi, tedaviyi basitlestirdigi icin ©nemli bir
avantaj saglamaktadir (Sekil 3).

Sekil 3. Dupilumab (Anti-IL4/IL13) Etki Mekanizmasi ve Kullanim
Alanlar1 Algoritmasi
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Dupilumab: IL-4Ra Blokaji
(IL-4 ve IL-13 ortak reseptor alt birimi)

/ o~

Tip 2 Inflamasyon Kaskadinin Baskilanmast Ortiisen Tip 2 Hastaliklarinda Kullanim

Diiz kas Gl z
IgE iretimi o =i Mukus salgist Epitel bariyer Kroni igoi
azalir e azalir bozulmas: azalir

—
-

A

=
_4

|

QUEST galismas:: yillik alevenmede

646-48 azalma
(viiksek eozinofilde %67-73)

Kaynak: Yazar tarafindan olusturulmustur.

Anti-TSLP Tedaviler

Epitelden salgilanan TSLP'yi nétralize ederek tip 2 yanitin en
tist basamaginda etki gosteren tek onayli biyolojik ajan
tezepelumabdir. Ajanin hem dendritik hiicreleri hem ILC2'leri hem
de mast hiicrelerini aktive eden bir alarmin olan TSLP nin bloke
etmesi tek bir sitokini degil, yolagin baglangi¢ noktasini hedeflemesi
bakimindan 6nemlidir. Bu 6zellik tezepelumabi eozinofil sayisindan
bagimsiz kilarak ve hem eozinofilik hem de non-eozinofilik astimlh
hastalarda kullanilabilir hale getirmektedir.

NAVIGATOR c¢alismasinda tezepelumabin etkinligi yillik
alevlenme oranim plaseboya gore genel popiilasyonda yilizde 56
azaltmasi; baslangi¢ kan eozinofil sayis1 300 hiicre/pL'nin altinda
olan, diisiik tip 2 biyobelirte¢ profiline sahip hastalarda bile bu
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azaltmanin yiizde 41'e kadar ulasmasi ele kanitlanmistir (Menzies-
Gow ve ark., 2021). Dért haftada bir subkiitan uygulanan
tezepelumab, biyobelirte¢ esigi aranmaksizin regete edilebilen ilk
ajan olmasi avantajiyla fenotipleme yapilamayan veya sinirda
degerlere sahip hastalarda tercih edilmektedir.

Bu ajamin Ekim 2025'te FDA onay1r alan KRSwNP
endikasyonu en giincel gelismedir. Tezepelumabin WAYPOINT faz
3 calismasinda nazal polip boyutunda anlamh kiiciilme saglamasi,
cerrahi ihtiyacimi neredeyse ortadan kaldirmasi ve sistemik
kortikosteroid kullamimini belirgin sekilde azaltmas1 vurgulanmigtir.
Boylece tezepelumab, TSLP yolagini hedefleyerek KRSwNP'de
kullamlan ilk biyolojik ajan olmakla beraber astimla birlikte nazal
polip tasiyan hastalarda artik Dupilumaba alternatif bir tedavi
secenegi sunmustur (SEKIL 4).

Sekil 4. Tezepelumab (Anti-TSLP) Etki Mekanizmasi ve Fenotipten
Bagimsiz Etkinlik Algoritmasi

P Blokaji
t Basamag)

Kaynak: Yazar tarafindan olusturulmustur.
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Biyolojik Ajan Seciminde Klinik Karar Stireci

Giincel GINA kilavuzuna gore biyolojik ajan seciminde 6nce
kan eozinofil sayisi, FeNO diizeyi, total IgE ve alevlenme siklig1 gibi
biyobelirtecler degerlendirilmektedir (Global Initiative for Asthma
[GINA], 2026).

Anti-IgE tedavisi icin allerjen duyarliigi ve dozlama
araliginda IgE diizeyi aranirken, anti-IL5/IL5R tedavileri kullanilan
ajana gore 150 veya 300 hiicre/pL esiginin tizerinde eozinofil sayisi
gerekmektedir. Anti-IL4Ra tedavisi (dupilumab) icin eozinofil
sayisinin 150-1500 hiicre/pL araliginda olmasi, FeNO degerinin 25
ppb'nin iizerinde olmasi veya idame oral kortikosteroid ihtiyacinin
bulunmasi yeterli sayilmaktadir. Anti-TSLP tedavisi ise gecen yil
icinde alevlenme Oykiisii olmasi kosuluyla, biyobelirte¢ diizeyinden
bagimsiz olarak da diisiiniilebilmektedir.

Komorbiditeler de biyobelirtecler kadar tedavi secimini
yonlendirmektedir. Atopik dermatit veya nazal polip birlikteligi olan
hastalarda Dupilumab, hem astimi hem de eslik eden hastalig1 tek
ajanla kontrol altina alma avantaji sunmaktadir. Yiiksek eozinofil
sayisi ve sik alevlenme oykiisii anti-IL5/IL5R ve anti-IL4R«a
tedavilerine yanmiti giiclii sekilde 6ngérmekte iken yiiksek FeNO ve
nazal polip varligi anti-TSLP tedavisine yanitla
iliskilendirilmektedir (GINA, 2026). Klinik pratikte doz sikligi,
uygulama yolu (subkiitan veya intraven6z), maliyet ve hasta tercihi
de 6nem tasimaktadir.

Tedaviye yamit genellikle 3-4 ay sonra degerlendirilmesi
gerekirken yanit belirsiz ise siire 6-12 aya kadar uzatilabilmektedir.
depemokimab gibi alti ayda bir uygulanan ajanlarda ise ilk
degerlendirme icin uygulamadan sonraki altt ayin sonu
onerilmektedir (GINA, 2026).
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Iyilesmesi kriterleri arasinda alevlenme sikhgmn azalmast,
semptom kontroliiniin  diizelmesi, akciger fonksiyonlarinin
iyilesmesi, oral kortikosteroid ihtiyacinin azalmasi ve yasam
kalitesinin artmasi sayllmaktadir. Ancak GINA, bunun i¢in heniiz net
bir esik tamimlanmadigim belirtmektedir. Yanit alinamayan
hastalarda tedavi kesilip uygun oldugu takdirde farkli bir hedefe
yonelik ajana gecilmesi gerekirken kismi yanit durumunda altta
yatan taninin yeniden gozden gecirilmesi oOnerilmektedir. Kan
eozinofili gibi biyobelirteclerin zaman iginde belirgin dalgalanma
gosterebilmesi nedeniyle, tedaviye uygunluk kararindan once
olcimiin en az bir-iki hafta arayla birka¢ kez tekrarlanmasi
onerilmektedir (GINA, 2026).

"Klinik Remisyon" Kavraminin Tamimi ve Kriterleri

Biyolojik tedavilerin bir kisim hastada alevlenmeyi
neredeyse tamamen ortadan kaldirdiginin goriilmesiyle giindeme
klinik remisyon kavrami gelmistir. 2020 yilinda yayimlanan uzman
uzlasi gercevesinde remisyon icin:

¢ Alevlenme yoklugu

e Semptom kontroliiniin saglanmasi (Astim
Kontrol Testi [ACT] skorunun 20 ve iizerinde olmasi
veya Astim Kontrol Anketi [ACQ] skorunun 0,75'in
altinda olmast)

e Akciger fonksiyonlarinin stabilizasyonu veya
optimizasyonu

e Oral kortikosteroidsiz kontrol sartlarinin
saglanmasi gerektigi ayni zamanda bu durumun en az on
iki aylik bir siire boyunca eg zamanlh olarak saglanmali
belirtilmistir (Menzies-Gow ve ark., 2020).
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Klinik remisyon tanimi hastaligin biyolojik olarak ortadan
kalktigim1 degil tedavi altinda remisyon saglandigi anlaminda
degerlendirilmektedir (GINA, 2026).

Remisyon Hedefinin Giincel Kilavuzlara Girisi

Klinik remisyon kavrami heniiz GINA kilavuzuna resmi
olarak girmemistir. Klavuz birincil hedef olarak hala "iyi kontrollii
astim"1 tamimlamaktadir. Ancak GINA, biyolojik tedavi alan bazi
agir astim hastalarinin klinik remisyona ulastigin1 kabul etmekle ve
remisyonu éngoren etkenleri:

¢ Daha az semptom,

Dabha iyi akciger fonksiyonu,

Diisiik komorbidite yiikii,

Erken yasta baglayan astim

e Baslangicta diisiik doz oral steroid
kullanilmast  veya hi¢ idame oral kortikosteroid
kullanilmamasi olarak tanimlamaktadir (GINA, 2026).
Bu yaklasim, remisyonun kilavuzlara goézlemlenen ve
izlenmesi 6nerilen bir sonug olarak girdigini gostermekle
beraber kavram acisindan kilavuz diizeyinde heniiz tam
bir uzlasiya ulasmadigini, ancak kavramin literatiire de
yerlestirilmeye calisildigini  gbstermesi  bakimindan
dikkat cekicidir.

Gercek yasam verileri, biyolojik tedavinin remisyon
oranlarim belirgin sekilde artirdigim gostermektedir Isvigre Agir
Astim Kayit Sistemi'nden elde edilen 2025 tarihli bir kohort
calismasinda, dort Olgiitiin (alevlenme yoklugu, iyi kontrol, oral
kortikosteroidsiz durum, korunmus akciger fonksiyonu) tiimiinii
birden karsilayan hasta oranm biyolojik tedavi alanlarda yiizde 24,2
iken, biyolojik tedavi almayan hastalarda yiizde 6,2 olarak

bildirilmistir. Eger tanim esnetilirse (alevlenme yoklugu, kontrol,
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oral kortikosteroidsiz durum) bu oranlarin sirasiyla yiizde 45,7 ve
ylizde 15,6'yva ciktig1 gosterilmistir. Bu fark, biyolojik tedavinin
yalnizca semptomlar1 baskilamadigini, bir kisim hastada hastalig1
klinik olarak geri planda tutabildigini ortaya koymasi bakimindan
onemlidir.

Tedavi Siiresi ve Tedavinin Kesilme Kriterleri

Biyolojik tedavinin ne zaman kesilebilecegi sorusu,
tarnsmalidir. Onerilen kesilme kriterleri:

e Iyi semptom kontroli (ACQ<1,5 veya
ACT>19),

¢ Diizenli veya atak nedenli oral kortikosteroid
kullanilmamasi,

¢ Alevlenme gecirilmemesi,

e Akciger fonksiyonunun  normallesmesi
(FEV1>%80)

¢ Baskilanmig inflamasyon (kan eozinofil
sayisinin 300 hiicre/pL'nin, FeNO degerinin 50 ppb'nin
altinda olmasi) yer almaktadir. Bu 6lgiitleri karsilayan
hastalar "siiper yanitli" olarak tanimlanmakta ve kesilme
denemesi icin en uygun aday kabul edilmektedir.

Omalizumab tedavisi kesilen hastalarin yaklasik yiizde 48'i
kontroliinii korurken, mepolizumab kesildikten sonra ACQ skorunda
hafif bir koétilesme bildirilmistir. Dolayisiyla kilavuzlar simdilik
kesin bir siire 6nermek yerine, hasta bazinda degerlendirmeyi 6ne
cikarmaktadir.

Yeni Tedavi Yaklasimlari

Gelistirme asamasindaki ajanlar arasinda on planda olanlar
epitelden salinan bir diger alarmin olan IL-33'i hedefleyen

Itepekimab ve Tozorakimab gibi molekiillerdir. Ancak bu grubun
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astimdaki seyrinin beklendigi kadar parlak olmadig gosterirken bu
durum IL-33 yolagmmn klinik etkisinin TSLP kadar giicli
olmayabilecegini diisiindiirmektedir. Buna karsilik, bispesifik
antikor tasarimlari (tek molekiille iki sitokini birden hedefleme) ve
inhaler yoldan uygulanan biyolojik ajanlar hem etkiyi artirmak hem
de sistemik yan etkileri azaltmak amaciyla {izerinde ¢alisilan giincel
yaklagimlar arasinda yer almaktadir.

Sonug¢

Biyolojik tedaviler astimda, tip 2 inflamasyonu farkl
basamaklardan hedefleyerek hem alevlenmeyi hem oral
kortikosteroid ihtiyacini azaltan, secilmis hastalarda ise neredeyse
tam kontrol saglayan bir tedavi ailesi haline gelmistir. Ajan se¢imi
artik tek bir biyobelirtecle degil; eozinofil sayisi, FeNO,
komorbiditeler ve hastanin tercihiyle birlikte sekillenen
bireysellestirilmis bir siire¢ olarak yonetilmektedir.

Bu ilerlemenin getirdigi en belirgin degisim ise astimda daha
once gindemde olmayan bir hedef olan klinik remisyonun
tartismanin merkezine oturmasidir. Remisyon kavrami heniiz
kilavuzlarda resmi bir hedef olarak yer almasa da, biyolojik
tedavinin ulasabildigi en ileri nokta olarak klinik pratigi simdiden
yonlendirmektedir.
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BOLUM 3

GLP-1/GIP RESEPTOR AGONISTLERI IiLE
OBSTRUKTIF UYKU APNESIi TEDAVISINDE
YENIi DONEM

UMMUHAN TUGBA TUMUKLU*
Giris

Obstriiktif uyku apnesi (OSA), uyku sirasinda iist hava
yolunun tekrarlayan tam veya kismi kollapsina bagh olarak gelisen,
kronik aralikli hipoksemi ve uyku parcalanmasiyla seyreden yaygin
bir solunum bozuklugudur (Kapur ve ark., 2017). Obeziteyle yakin
iligkisi nedeniyle g6giis hastaliklar pratiginde siklikla i¢ ice gecmis
iki klinik tablo olarak kargimiza cikar ve toplum sagligi agisindan

onemli bir yiik olusturur.

Pozitif hava yolu basinci (PAP) tedavisi hala altin standart
olma 6zelligini korusa da, uzun dénem hasta uyumundaki giicliikler
nedeniyle etkili bir farmakolojik alternatif arayisi onlarca yildir
siirmektedir. Bu arayis, tip 2 diabetes mellitus ve obezite tedavisi igin
gelistirilen glukagon benzeri peptit-1 (GLP-1) ve glukoza bagiml
insitilinotropik polipeptit (GIP) reseptér agonistlerinin OSA
tizerindeki etkisinin fark edilmesiyle yeni bir asamaya girmistir.
2024 yilinda yayimlanan SURMOUNT-OSA c¢alismasi (Malhotra ve

' Dr. Ogr. Uyesi, Yozgat Bozok Universitesi, Tip Fakiiltesi, Gogiis Hastaliklar

Béliimii, ORCID: 0009-0002-2998-9740
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ark., 2024) ve onu izleyen FDA onayi, alam bir déniim noktasina
tagimigtir.

Bu bélimde, OSA'min epidemiyolojisi ve obeziteyle
iliskisinden baslanarak, mevcut tedavi yaklasimlarinin simirliliklari,
GLP-1/GIP reseptor agonistlerinin farmakolojik temeli, klinik
kanitlar, giivenlik profili ve gogiis hastaliklar1 pratigine yansimalari
giincel literatiir 15181nda ele alinacaktir.

OSA'nin Tamimi, Epidemiyolojisi ve Obezite ile fliskisi

Amerikan Uyku Tibb1 Akademisinin (AASM) tam
olciitlerine gore OSA, polisomnografi veya ev tipi uyku testi ile
saptanan saatlik apne-hipopne indeksinin (AHI) semptomatik
bireylerde >5, semptomu bulunmayan bireylerde ise >15 olmasiyla
tammlanir (Kapur ve ark., 2017). Hastalik siddeti de yine AHI
degerine gore hafif (AHI: 5-14,9/saat), orta (AHI: 15-29,9/saat) ve
agir (AHI: >30/saat) olmak iizere ii¢ kategoride simiflandirilir (Kapur
ve ark., 2017). Bu siniflama yalnizca tan1 koymak icin degil, tedavi
kararlarin1 yonlendirmek acisindan da klinik 6nem tasir; ilerleyen
béliimlerde ele alinacak farmakolojik tedavi caligmalarinin g¢ogu,
hasta popiilasyonunu bu AHI esiklerine gore tanimlamaktadir.

Bu tami cercevesiyle degerlendirildiginde OSA, diinya
genelinde 30 yas iistii yetigkinlerin énemli bir kismin etkileyen,
siklikla tam almadan seyreden bir halk saglig1 sorunudur. Benjafield
ve arkadaslarinin (2019) literatiir temelli kiiresel yiik analizine gore
diinyada 936 milyondan fazla eriskin, hafif dereceyi de kapsayan
tan1 Olciitlerine gore OSA ile uyumlu bulgular tasimaktadir; bu
eriskinlerin yaklasik 425 milyonu orta-agir siddette hastaliga karsilik
gelmektedir. Bu rakamlar giincelligini korumakta olup, alanin 2025
tarihli derlemelerinde de (Iannella ve ark., 2025) hala referans olarak
kullanilmaya devam etmektedir. Tiirkiye'den elde edilen ulusal
veriler de bu kiiresel tabloyu dogrulamaktadir: cok merkezli
TURKAPNE kohortunun 7.130 hastay1 kapsayan analizinde, kadin
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hastalarin erkeklere kiyasla daha ileri yasta ve daha yiiksek viicut
kitle indeksiyle bagvurdugu, buna karsin ortalama AHI degerlerinin
kadinlarda daha diisiik seyrettigi (29,8+24,1'e kars1 36,8+26,2
olay/saat) gosterilmig; buna ragmen kadin hastalarda insomni, bas
agrisi, duygudurum degisiklikleri ve diyabet, hipertansiyon,
hipotiroidi gibi komorbiditelerin daha sik goriildiigii bildirilmistir
(Pihtili ve ark., 2025). TURKAPNE, Tirkiye'de uyku apnesi
alaninda ytirtitiilen ilk ulusal, cok merkezli prospektif kohort olmasi
bakimindan da ayrica 6nem tasimaktadir (Firat ve ark., 2018).

Obezite, OSA gelisiminde bilinen en giiclii ve degistirilebilir
risk faktoriidiir. Messineo ve arkadaslarimin (2024) giincel
derlemesinde vurgulandig1 gibi, bu iligki basit bir mekanik yiik
artisindan ibaret degildir; anatomik ve anatomik olmayan faktorler
bir arada rol oynar. Anatomik diizlemde, iist hava yolu ¢evresindeki
ve parafarengeal bolgedeki yag birikimi faringeal liimeni
daraltirken, artan viseral ve abdominal yag kiitlesi diyaframi yukar1
iterek fonksiyonel rezidiiel kapasiteyi azaltir; akciger hacmindeki bu
diisiis, st hava yolunun boyuna gerilimini zayiflatarak
kollapsibiliteyi artirir. Anatomik olmayan boyutta ise obezite,
solunum kontroliindeki kararsizlik (yiiksek loop gain), diisiik arousal
esigi ve genioglossus gibi dilatér kaslarin yetersiz néromiiskiiler
yaniti iizerinden de hastaliga katkida bulunabilir; bu da obez
olmayan bireylerde dahi OSA'min neden ortaya c¢ikabildigini
aciklamaya yardimci olur (Messineo ve ark., 2024).

Bu iliski tek yonlii degildir. OSA'ya bagh kronik aralikh
hipoksemi ve uyku parcalanmasi; leptin direnci, kortizol diizeyinde
aris ve sempatik aktivasyon {izerinden istah diizenleyici
mekanizmalar1 bozarak kilo alimini kolaylagtirabilir (Messineo ve
ark., 2024; Romero-Corral ve ark., 2010), boylece obezite ile OSA
arasinda kendi kendini besleyen bir kisir déngii olusabilir. Bu
karsilikli pekistirici iligki, gogiis hastaliklar1 pratiginde OSA
tedavisinin yalmzca iist hava yolu obstriiksiyonunu hedeflemekle
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sinirhh kalamayacagini, altta yatan obezitenin de es zamanli ele
alinmasi gerektigini ortaya koymaktadir (bkz. Sekil 1).

Sekil 1. Obezite ile obstriiktif uyku apnesi arasindaki ¢ift yonlii
(kisir dongii) patofizyolojik iliski

OBEZITE
(viicut kitle indeksinde artis)

( ANATOMIK YOLAK ) [ ANATOMIK OLMAYAN YOLAK )
( Ust hava yolu ve parafarengeal X
bolgede yag birikimi Solunum kontroliinde kararsizlik
1 (yiiksek loop gain)
k Faringeal lumende daralma J

( \ Dusuk arousal esigi
Visseral / abdominal ya§ artisi
1

| Diyafram yukar itilir 3

| FRC azalir
| Boyuna gerilim azalr Genioglossus gibi dilatér Q)
\_ J kaslarda yetersiz A
\ néromuskiiler yanit E

{
OSA (AHI'de yiikselme)

|

[UST HAVA YOLU KOLLAPSIBILITESINDE ARTISJ

Kronik aralikli hipoksemi ve
uyku pargalanmasi
Leptin direnci T - Kortizol T
Sempatik aktivasyon T
v

Istah diizenleyici mekanizmalarda
bozulma - kilo alim1

Kaynak: Yazar tarafindan, Messineo ve ark. (2024) esas alinarak olusturulmustur.

Mevcut Tedavi Yaklasimlar: ve Farmakolojik Arayisin
Gerekcesi

Pozitif hava yolu basinc1 (PAP) tedavisi, iist hava yolunu
pnomatik olarak acik tutarak AHI'yi neredeyse tamamen normalize
edebilmesi nedeniyle orta-agir OSA'da hala birinci basamak tedavi
ve altin standarttir. Ancak tedavinin etkinligi biiyiik 6lciide diizenli
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ve uzun siireli kullamima baghdir; klasik derlemelerinde Weaver ve
Grunstein (2008), kullanilan uyum tanimina gore ¢alismalar arasinda
hastalarin %46-83 gibi genis bir aralikta uzun dénemde tedaviye
yeterince uyum saglayamadigini bildirmistir. Maske intoleransi,
klostrofobik yakinmalar, burun tikamikhig1 ve cihazin giinliik
yasamda pratik olmayisi, bu uyumsuzlugun baslica nedenleri
arasinda sayilmaktadir. Bu durum, PAP etkin bir tedavi olmasina
karsin toplum diizeyinde beklenen faydayr tam olarak
saglayamamasina yol agmaktadir.

Oral apareyler, o6zellikle mandibular ilerletme cihazlari,
PAP"1 tolere edemeyen hafif-orta OSA hastalarinda alternatif bir
secenek sunar; ancak etkinlikleri PAP'a kiyasla daha degiskendir ve
agir OSA'da, yiiksek viicut kitle indeksine sahip hastalarda yanit
oram belirgin sekilde diiser (Manetta ve ark., 2022). Ust hava yolu
cerrahisi  (6rn. uvulopalatofarengoplasti, maksillomandibular
ilerletme) secilmis olgularda anatomik obstriiksiyonu dogrudan
hedefleyebilse de, sonuclar hastadan hastaya biiyiik farklilik gosterir,
invaziftir ve her hastaya uygulanabilir degildir. Bu nedenle ne oral
apareyler ne de cerrahi, PAP'1n yerini toplum diizeyinde alabilecek
evrensel bir ¢dziim olusturmamaktadir.

Bu tabloda, hastanin giinliik uyumuna bagh olmayan, basit
ve tekrarlanabilir bir farmakolojik secenege duyulan ihtiya¢ onlarca
yildir giindemdedir. Ne var ki gecmiste denenen ajanlarin ¢ogu bu
beklentiyi karsilayamamustir: teofilin, doksapram ve asetazolamid
gibi santral solunum uyaricilari, uyku kalitesini bozarak AHI
tizerinde ya hicbir etki gostermemis ya da beklenenin aksine
olumsuz sonuclar vermistir (Jaganathan ve ark., 2024).
Noradrenerjik-antimuskarinik kombinasyonlar (6rn. atomoksetin-
oksibutinin) sonraki calismalarda miitevazi ama tutarl bir etkinlik
gostermis olsa da, tek basina klinik pratigi degistirecek diizeyde
giicli bulunmamistir (Jaganathan ve ark., 2024). Bu birikmis
basarisizliklar ve kismi basarilar, aragtirmacilari farkh bir hedefe —
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hastaligin altinda yatan obeziteyi dogrudan azaltan ajanlara —
yoneltmis ve GLP-1/GIP reseptér agonistlerinin bu alanda
degerlendirilmesinin 6niinii agmisgtir.

GLP-1/GIP Reseptor Agonistlerinin Farmakolojik Temeli ve
OSA'daki Etki Mekanizmalari

Glukagon benzeri peptit-1 (GLP-1) ve glukoza bagimh
insiilinotropik polipeptit (GIP), bagirsaktan besin alimina yanit
olarak salgilanan, pankreastan glukoza bagiml insiilin salinimini
uyaran dogal inkretin hormonlaridir. Tirzepatid, bu iki reseptorii ayni
anda ve dengeli sekilde aktive edebilen sentetik bir peptit olup, GLP-
1 etkisiyle tokluk hissini artirip istahi1 baskilarken, GIP etkisiyle
instilin duyarhligimi ve genel metabolik homeostazi giiclendirir
(Fang ve ark., 2026). Bu dual agonizm, molekiiliin yalnizca
semaglutid gibi secici GLP-1 agonistlerine kiyasla daha belirgin kilo
kayb1 saglamasinin farmakolojik temelini olusturur.

OSA iizerindeki etkisinin en iyi anlasilan bilegeni, kilo kayb1
yoluyla dolayll yoldur. Viicut agirligindaki azalma, iist hava yolu
cevresindeki ve parafarengeal bolgedeki yag dokusunu kiigiiltiirken,
viseral yag kiitlesindeki gerileme diyafram iizerindeki baskiy1
azaltarak akciger hacimlerini ve iist hava yolunun boyuna gerilimini
iyilestirir; bu da faringeal kollapsibiliteyi dogrudan azaltir (Ellberg
ve ark., 2025). Nitekim GLP-1/GIP agonistleriyle saglanan AHI
azalmasinin biiyiik kisminin, saglanan kilo kayb1 miktariyla orantili
oldugu gosterilmistir.

Ancak biriken kanitlar, etkinin yalmzca kilo kaybina
indirgenemeyecegini diisiindiirmektedir. Hayvan calismalarinda
GLP-1 sinyalizasyonunun genioglossus gibi iist hava yolu dilatér
kaslarinin  tonusunu dogrudan artirarak kollaps egilimini
azaltabildigi gosterilmis olsa da, bu etkinin insanlarda hava yoluna
ozgi klinik kaniti hala simirhdir (Fang ve ark., 2026). Bunun yani
sira tirzepatidin, monosit kemotaksisini baskilama, makrofaj
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kaynakli inflamatuar yaniti azaltma ve AMP ile aktive edilen protein
kinaz (AMPK) aracili niikleer faktér kappa B (NF-kB) sinyal
yolaginin baskilanmasi gibi mekanizmalarla anti-inflamatuar etki
gosterdigi bildirilmektedir (Fang ve ark., 2026); bu o6zellikle
onemlidir, ¢linkii kronik aralikli hipoksemiye bagh diisiik dereceli
sistemik inflamasyon (TNF-a, IL-6, CRP yiiksekligi) obeziteyle
iliskili OSA'nin patofizyolojisinde kendi basina rol oynamaktadir.

Ozetle, GLP-1/GIP reseptér agonistlerinin OSA iizerindeki
etkisi biiyltik 6lciide kilo kaybi aracili olsa da, iist hava yolu
noromiiskiiler fonksiyonu ve sistemik inflamasyon iizerinden kilo
kaybindan bagimsiz katkilar da icerebilecek cok bilesenli bir
mekanizma olarak degerlendirilmelidir. Bu ¢ok yonlii etki profili, bir
sonraki boliimde ele alinacak klinik calisma sonuclarinin neden bu
denli giiclii oldugunu kismen agiklamaktadir.

Klinik Kamtlar: SCALE Sleep Apnea ve SURMOUNT-OSA
Calismalar

GLP-1 agonistlerinin OSA {izerindeki etkisine iligkin ilk
diizeyde kanit, giinde bir kez subkiitan uygulanan liraglutid 3,0 mg
ile yiiriitilen SCALE Sleep Apnea c¢alismasindan gelmistir
(Blackman ve ark., 2016). Obez ve orta-agir OSA's1 olan 359
hastanin (ortalama baslangic AHI: 49,2/saat) randomize edildigi bu
32 haftalik calismada, liraglutid kolunda AHI ortalama 12,2
olay/saat azalirken, plasebo kolunda bu azalma 6,1 olay/saat ile
sinirli kalmistir; tedavi farki istatistiksel olarak anlamli bulunmustur
(p=0,015). Viicut agirhgindaki azalma da liraglutid grubunda
plaseboya kiyasla belirgin sekilde daha fazlaydi (%5,7'ye karsi
%1,6). Bu calisma, miitevazi biiyiikliikteki etkisine karsin, GLP-1
reseptor agonizminin OSA siddetini azaltabilecegine dair ilk saglam
randomize kontrollii kaniti sunmasi bakimindan alan icin bir
kilometre tas1 olmustur.



Sekiz y1l sonra yayimlanan SURMOUNT-OSA calismasi
(Malhotra ve ark., 2024), dual GLP-1/GIP agonisti tirzepatidin
etkisini ¢cok daha biiyiik bir érneklemde ve gercek klinik pratigi
yansitan iki ayr1 kohortta test etmistir: PAP tedavisini
kullanamayan/kullanmak istemeyen hastalar ile PAP tedavisine
devam eden hastalar, toplam 469 katihmcl iginde ayr1 ayr
degerlendirilmistir. 52 haftalik tedavi sonunda tirzepatid, her iki
kohortta da AHI'yi ortalama 25-29 olay/saat azaltirken, plasebo
kolunda bu azalma yalmzca 5-6 olay/saat diizeyinde kalmustir.
Hastaligin (AHI<5/saat) veya hafif dereceye
gerilemesine ulasan hasta oram tirzepatid kolunda %42-50 iken,
plasebo kolunda %14-16'da kalmistir. Viicut agirhigindaki azalma
%18-20 ile SCALE Sleep Apnea'da gozlenenin ¢ok iizerinde
seyretmis; ayrica sistolik kan basincinda 7,6-9,6 mmHg diisiis ve
hsCRP diizeylerinde iyilesme gibi kardiyometabolik yararlar da eslik
etmistir.

remisyonuna

iki calismanin karsilastirmali 6zeti Tablo 1'de sunulmustur.
Aradaki etki biyiikligi farki biiyiik olciide tirzepatidin dual
agonizminin sagladig belirgin kilo kaybu iistiinliigiiyle aciklanabilir;
ancak bir onceki boliimde tartisilan kilo kaybindan bagimsiz
mekanizmalarin da bu farka katkida bulunmus olabilecegi
diistiniilmektedir.

Tablo 1. GLP-1/GIP reseptor agonistleri ile OSA'da yiirtitiilen iki
anahtar randomize kontrollii ¢calismanin karsilastirmali 6zeti

SCALE Sleep Apnea SURMOUNT-0OSA
Ozellik (Blackman ve ark., (Malhotra ve ark.,
2016) 2024)
. Liraglutid 3,0 mg (GLP- | Tirzepatid (GLP-1/GIP
Ilag . L
1 agonisti) dual agonisti)
Hasta sayis1 359 469
Tedavi siiresi 32 hafta 52 hafta
Baglangic AHI 49,2/saat O"rta—agir. OSA (kohorta
(ortalama) gore degisken)
AHI degisimi - ilag -12,2/saat -25 ila -29/saat




kolu

AHI degigimi - -6,1/saat -5ila -6/saat

plasebo kolu

Kilo kayb1 (ilag vs %5.7 vs %1,6 9418-20 vs %2

plasebo)

Remisyon / hafif Bildirilmemis 9%42-50 vs %14-16

dereceye gerileme

. . Sistolik KB: -7,6 ila -9,6

Ek kardiyometabolik Bildirilmemis mmHg; hsCRP

bulgu . .
iyilesmesi

Kaynak: Blackman ve ark. (2016) ve Malhotra ve ark. (2024) verilerinden yazar
tarafindan derlenmistir.

SURMOUNT-OSAnin sonugclari, yalnizca akademik agidan
degil, diizenleyici acidan da belirleyici olmustur: bu g¢alismanin
bulgular, bir sonraki boliimde ayrintili ele alinacak olan FDA
onayinin dogrudan dayanagini olusturmustur.

FDA Onay1 ve Klinik Pratige Yansimalari

SURMOUNT-OSA ¢alismasinin sonuclar1 temel alinarak,
Amerikan Gida ve Ila¢ Dairesi (FDA) 20 Arahk 2024 tarihinde
tirzepatidi (ticari adiyla Zepbound), obeziteyle iliskili orta-agir
OSA's1 olan yetiskinlerde kullanim i¢in onaylamistir (Eli Lilly and
Company, 2024). Bu onay, OSA'ya 6zgii endikasyonla ruhsat almis
ilk farmakolojik ajan olmasi bakimindan tarihi bir gelismedir; onay
oncesinde bu alanda kullanilan higbir ilag dogrudan OSA
endikasyonuyla ruhsatlandirilmamistir. Amerikan Uyku Tibbi
Akademisi (AASM), onay1 hastaligin yiikiinii azaltmada kritik bir
ilerleme olarak nitelendirerek desteklemistir (American Academy of
Sleep Medicine, 2024).

Onaylanan endikasyon, viicut kitle indeksi >30 kg/m? olan ve

AHI >15/saat ile orta-agir OSA tanisi almis yetiskinlerle sinirhidir.

Tedavi, haftada bir kez subkiitan uygulama seklinde, 2,5 mg

baslangi¢ dozuyla baslatilip en az dort haftalik araliklarla 2,5 mg

artirillarak 10-15 mg/hafta idame dozuna ulasilacak sekilde titre

edilir (American Academy of Sleep Medicine, 2025). Mediiller tiroid
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karsinomu veya ¢oklu endokrin neoplazi tip 2 kisisel/aile dykiist,
agir gastrointestinal hastalik ve gebelik, tedavinin kontrendike
oldugu baglica durumlardir.

Klinik pratik acisindan belki de en kritik nokta, tirzepatidin
PAP tedavisinin yerini almak {izere degil, onu tamamlayic1 bir
secenek olarak konumlandirilmis olmasidir. AASM'in klinisyenlere
yonelik rehberliginde, Zepbound'un PAP tedavisi, oral aparey veya
cerrahi gibi mevcut yaklasimlarin yerine ge¢cmemesi, aksine bu
yontemlerle birlikte veya PAP"1 tolere edemeyen hastalarda bir
alternatif olarak degerlendirilmesi gerektigi vurgulanmaktadir
(American Academy of Sleep Medicine, 2025). SURMOUNT-
OSA'nin PAP kullanan kohortunda dahi anlamli ek fayda gézlenmis
olmasi, bu iki tedavi yaklasiminin rakip degil tamamlayici olarak
diisiiniilmesi  gerektigine isaret etmektedir. Tedavi siiresince
AHI'deki iyilesmeye paralel olarak PAP basing ihtiyacinin yeniden
degerlendirilmesi dnerilmekte, ancak bir¢cok hastanin uzun dénemde
PAP tedavisine bir sekilde devam etmeye ihtiya¢ duyacagi
belirtilmektedir (American Academy of Sleep Medicine, 2025).

Bu denli giiclii bir etkinlik profiline karsin, tirzepatidin klinik
kullammi baz1 gilivenlik uyarilart ve simirhliklarla birlikte
degerlendirilmelidir; bu konu bir sonraki boliimde ele alinmaktadir.

Giivenlik Profili, Stmrhiliklar ve Tartismah Noktalar

Tirzepatidin en sik bildirilen yan etkileri doza bagh
gastrointestinal yakinmalardir; bulanti, ishal, kusma wve karin
rahatsizl1g1 hastalarin 6nemli bir kisminda goriilmekte, 6zellikle doz
artinm déneminde belirginlesmektedir. S1vi alminin giinde yaklasik
2 litre diizeyinde tutulmasi, akut bobrek hasar riskini azaltmak
acisindan Onerilmektedir. Molekiil, mediiller tiroid karsinomu ve
akut pankreatit riskine iliskin kutulu uyar1 (boxed warning)
tasimakta; safra kesesi hastaligi Oykiisii olan, gastroparezi,
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kontrolsiiz diyabet, yeme bozuklugu veya gebelik durumundaki
hastalarda dikkatli kullanim gerekmektedir (Robards, 2025).

Klinik kullamimi sinirlayan bir diger 6nemli nokta, uzun
donem veri eksikligidir. SURMOUNT-OSA calismasi 52 hafta ile
sinirli kalmig olup, tedavinin yillar siiren kullanimda giivenlik ve
etkinlik profilinin nasil seyredecegi heniiz netlik kazanmamistir.
Daha da o6nemlisi, SURMOUNT-4 calismasinin tedavi kesimi
sonrasl analizinde, tirzepatid tedavisi durduruldugunda saglanan kilo
kaybimin biiyiik 6lciide geri dondiigii ve buna paralel olarak
kardiyometabolik yararlarin da zayifladig1 gosterilmistir. Bu bulgu,
OSA'daki AHI iyilesmesinin de tedavinin siirekliligine bagimh
olabilecegini, dolayisiyla molekiiliin gecici bir kiir degil, siiresi
belirsiz — muhtemelen uzun siireli — siirdiiriilmesi gereken bir
tedavi olarak diisiiniilmesi gerektigini diisiindiirmektedir (Robards,
2025).

Maliyet ve erisim, klinik pratikte belki de en somut sinirliligi
olusturmaktadir. Amerika Birlesik Devletleri'nde liste fiyati kutu
basina yaklasik 1.086 dolar olan ilacin sigorta kapsamu biiyiik él¢iide
degiskendir ve cogu sigorta plani1 6n onay (prior authorization) sarti
kogmaktadir; hatta baz1 biiyilk saghk sigortasi saglayicilari
Zepbound'u kapsam dis1 birakma karar1 almigtir (Robards, 2025).
Tiirkiye basta olmak {izere bircok {ilkede ise ilacitn OSA
endikasyonuyla geri 6édeme kapsamina alinip alinmayacagi heniiz
belirsizdir; bu durum, ilacin klinik etkinliginin 6tesinde, hangi
hastalarin bu tedaviye gercekten erisebilecegi sorusunu giindemde
tutmaktadir.

AASM'in de vurguladig1 gibi, tirzepatid OSA yonetiminde
"bir aractir, tek bagina care degildir"; diyetisyen ve davranigsal
destek uzmanlarini iceren ¢ok disiplinli bir yaklasimla, diizenli takip
altinda ve onaylanmamis bilesik (compounded) formiilasyonlardan
kacinilarak kullanilmas1 6nerilmektedir (Robards, 2025). Bu

sinirhiliklar g6z 6niinde bulunduruldugunda, GLP-1/GIP reseptor
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agonistlerinin g6giis hastaliklar1 pratigindeki yerinin nasil
konumlandirilmas1 gerektigi, boliimiin sonraki ve son kisminda
tartisilacaktir.

Gogiis Hastaliklar: Pratigi icin Degerlendirme ve Gelecek
Yonelimler

Tiirkiye'de tirzepatid, Mounjaro ticari adiyla tip 2 diabetes
mellitus ve obezite endikasyonlariyla ruhsatli ve recetelenebilir
durumdadir; ancak yazinin hazirlandigi tarih itibariyla molekiiliin
tilkemizde dogrudan OSA endikasyonuyla bir ruhsati ve bu
endikasyona 6zgii bir geri 6deme kapsami bulunmamaktadir. Bu
durum, gogiis hastaliklar1 uzmanlarinin, obeziteyle iligkili orta-agir
OSA's1 olan ve mevcut ruhsath endikasyon (obezite/tip 2 diyabet)
kapsamina giren hastalarinda molekiilii kayith endikasyon {izerinden
degerlendirebilecegi, ancak OSA'ya 6zgii klinik gerekcelendirmenin
recete ve geri Odeme siireclerinde ayr1 bir belgeleme
gerektirebilecegi anlamina gelmektedir. Alanin hizla gelistigi goz
ontine alindiginda, bu durumun Oniimiizdeki donemde
giincellenmesi beklenebilir.

Alandaki aragtirma bosluklar1 da g6z ardi edilmemelidir.
Mevcut kanitlarin neredeyse tamami obez, orta-agir OSA's1 olan
yetiskinlerden elde edilmistir; normal kilolu veya hafif dereceli
OSA's1 olan hastalarda, ¢ocuk ve adolesan popiilasyonda ya da farkl
GLP-1/GIP molekiillerinin karsilagtirmali etkinligine iligkin veri
sinirhdir. Semaglutidin tip 2 diyabet ve obezitesi olan, eslik eden
OSA'st bulunan hastalardaki etkisini degerlendiren yeni bir
randomize calisma (ClinicalTrials.gov kayit no: NCT07281196)
hala devam etmektedir; bu tiir calismalarin, gozlenen etkinin
tirzepatide 6zgli mii yoksa sinif etkisi mi oldugunu netlestirmesi
beklenmektedir. Ayrica, PAP ile GLP-1/GIP agonistlerinin birlikte
kullanildig1 kombinasyon stratejilerinin uzun dénem
kardiyovaskiiler sonuglar iizerindeki etkisi ve tedavinin kesilmesi
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durumunda AHI'nin ne kadar siirede ve ne Olciide eski haline
dondiigii gibi sorular da yanit beklemektedir.

Bu veriler 15181nda, gogiis hastaliklar pratigi i¢in makul bir
konumlandirma soyle 6zetlenebilir: GLP-1/GIP reseptor agonistleri,
PAP tedavisini tolere edemeyen veya tam uyum saglayamayan,
obeziteyle iliskili orta-agir OSA hastalarinda — 6zellikle eslik eden
tip 2 diyabet veya kardiyometabolik risk faktorleri varsa —
degerlendirilmeye deger bir tamamlayici segenektir. Ancak bu
hastalarin tedavi Oncesi ve sonrasi nesnel uyku calismalariyla
(polisomnografi veya ev tipi uyku testi) izlenmesi, PAP ihtiyacinin
AHI'deki degisime gore yeniden gozden gecirilmesi ve tedavinin
siireklilik ~ gerektirebilecegi  konusunda  hastanin  bastan
bilgilendirilmesi gerekmektedir.

Sonug

Obstriiktif uyku apnesi, obeziteyle karsilikli besleyici bir
iligki icinde seyreden, toplum diizeyinde biiyiik bir yiik olusturan ve
gogiis hastaliklar1 pratiginde giinliik olarak karsilasilan bir
hastaliktir. PAP tedavisi hala birinci basamak yaklasim olma
ozelligini korusa da, uzun dénem uyum sorunlari onlarca yildir etkili
bir farmakolojik alternatif arayigini canh tutmustur. GLP-1/GIP
reseptdr agonistleri, 6nce liraglutid ile saglanan miitevazi ama
anlamli etkiyle, ardindan dual agonist tirzepatid ile elde edilen ¢ok
daha giiclii sonuglarla bu arayisa somut bir yanit sunmus;
SURMOUNT-OSA ¢alismasinin bulgulari, Aralik 2024'te FDA'nin
OSA'ya ozgli ilk farmakolojik onayimi vermesinin dogrudan
dayanagi olmustur.

Bu etkinin biiyiik 6l¢iide kilo kaybi aracili oldugu, ancak tist
hava yolu néromiiskiiler fonksiyonu ve sistemik inflamasyon
tizerinden kilo kaybindan bagimsiz katkilarin da olasi oldugu
goriilmektedir. Bununla birlikte, gastrointestinal yan etkiler ve nadir
ama ciddi giivenlik uyarilari, simirli uzun dénem veri ve tedavi
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kesildiginde yararlarin geri donebilmesi, yiiksek maliyet ve degisken
geri O0deme kapsami gibi gercek siirhiliklar da g6z ardi
edilmemelidir.

Gogiis hastaliklar1 uzmanlari igin pratik ¢ikarim nettir: GLP-
1/GIP reseptor agonistleri, PAP tedavisinin yerini alan degil, onu
tamamlayan; hasta secimi, nesnel uyku calismalariyla izlem ve
gercekci beklenti yonetimi gerektiren bir tedavi segenegi olarak
degerlendirilmelidir. Alanin 6niimiizdeki yillarda hizla gelismeye
devam edecegi ve bu bolimde sunulan kanit tabaninin
giincellenmeye acik oldugu unutulmamalidir.
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BOLUM 4

THE FEF25-75/FVC RATIO IN THE DIAGNOSIS
OF CHRONIC OBSTRUCTIVE PULMONARY
DISEASE: PHYSIOLOGICAL BASIS,
DIAGNOSTIC PERFORMANCE, AND
METHODOLOGICAL LIMITS

SEMAHATTIN SERKAN SEZER'
NURSEL KAYA DIKMEN?

Introduction

In clinical medicine, the definition of a disease and the
criterion by which that disease is diagnosed are two distinct
concepts. The definition describes the pathological essence of the
condition; the criterion determines how it is to be identified in
practice. The narrower the distance between them, the more reliable
the diagnosis becomes; the wider it grows, the more
misclassification becomes inevitable. Chronic obstructive
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pulmonary disease (COPD) is one of the conditions in which this
distance is most clearly observable, and for that reason it merits
examination as an instructive case in the theory of diagnostic criteria.

COPD is defined as a preventable and treatable disease
characterised by a non-infectious chronic inflammatory response in
the airways and lung parenchyma following prolonged exposure to
noxious gases and particles, resulting in persistent and progressive
airflow limitation (Global Initiative for Chronic Obstructive Lung
Disease [GOLD], 2020). This definition points to a heterogeneous
entity encompassing at least two distinct pathological processes:
small airway disease and emphysematous parenchymal destruction.
The diagnosis of the disease, by contrast, has been reduced to a
single spirometric ratio falling below a single threshold: a post-
bronchodilator FEV1/FVC of less than 0.70.

The practical rationale for this reduction is evident. The fixed
ratio is arithmetically simple, requires no reference equations, and
can be applied identically across countries. These properties have
allowed the diagnosis of COPD to be disseminated from tertiary
pulmonary function laboratories to primary care settings. Yet, as with
any reduction, there is a cost. Because the FEV1/FVC ratio declines
physiologically with age, a fixed threshold tends to classify healthy
older individuals as diseased and young smokers as healthy
(Swanney et al., 2008; Uysal, 2013). A false-positive diagnosis
exposes an individual without disease to unnecessary and potentially
harmful treatment. A false-negative diagnosis deprives a genuinely
affected individual of treatment at precisely the stage at which the
disease is most amenable to intervention (Hangaard et al., 2017). The
clinical consequences of both errors are compounded in a setting in
which an estimated 60 to 85 per cent of individuals with COPD
remain undiagnosed (Kocabas et al., 2014).

This chapter examines a parameter that has been proposed as

a means of narrowing that diagnostic gap: the FEF25-75/FVC ratio.
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It first considers the anatomical origin of airflow limitation in COPD
and the primacy of the small airways in its pathogenesis. The
mechanics of forced expiration are then elaborated in order to
establish which spirometric segment carries information about
which generation of the bronchial tree. Subsequently, the
metrological limits of the fixed threshold, the structural constraints
of the raw parameter derived from the mid-expiratory segment
(FEF25-75), and the conceptual basis of the indicator obtained by
normalising that parameter to forced vital capacity are discussed.
The existing literature on the ratio — which spans dysanapsis
physiology, airway responsiveness, and one prior report specifically
addressing early COPD diagnosis — is then reviewed. Against that
background, data from an independent case-control series of two
hundred participants conducted by the author are presented and
interpreted. The chapter concludes with an assessment of the
parameter's position in clinical practice and of the study designs
capable of altering that position.

The Problem of the Defining Criterion and Underdiagnosis

COPD is a multifactorial and heterogeneous disease. Patients
differ markedly both in anatomical and pathological terms and in
clinical course (Welte et al., 2015). In one case emphysematous
parenchymal destruction predominates; in another, chronic
bronchitis and small airway disease are foremost. Exacerbation
frequency, comorbidity profile, symptom burden, and the annual rate
of decline in lung function vary between individuals.

This heterogeneity is conceptually at odds with the reduction
of diagnosis to a single threshold. A singular criterion can be
considered reliable only if the quantity it measures is impaired in a
comparable manner across all phenotypes of the disease. Since
airflow limitation is the common denominator of COPD, the
FEV1/FVC ratio satisfies this condition approximately. Situations in
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which the ratio is normal despite the presence of disease, and in
which the ratio is reduced in the absence of disease, nevertheless
constitute a zone of uncertainty in which the diagnostic criterion fails
to encompass the definition.

Prevalence varies across countries, across geographical
regions within a given country, and according to the genetic
constitution of the population, psychosociocultural structure, age,
and sex (Abul & Ozlii, 2013). On the basis of the Burden of
Obstructive Lung Disease (BOLD) programme and comparable
large-scale studies, the global number of COPD cases in 2010 was
estimated at approximately 384 million, corresponding to a global
prevalence of 11.7 per cent (GOLD, 2020). In Tiirkiye the reported
figures diverge widely, and the divergence is itself instructive.
Prevalence has been estimated by three distinct methods: physician-
assigned diagnosis, symptom questionnaire, and, since 2003, post-
bronchodilator spirometry interpreted against GOLD criteria (Abul
& Ozlii, 2013). In a population aged thirty and over in Trabzon, the
prevalence was 0.98 per cent under GOLD criteria but 2.8 per cent
under those of the American Thoracic Society — a near-threefold
difference produced by the choice of criterion alone. In Izmir the
figure was 10.2 per cent among adults aged forty to sixty-nine, and
in the BOLD-Adana study 19.1 per cent among those over forty, the
latter obtained under the fixed-ratio criterion (Abul & Ozlii, 2013;
Kocabas et al., 2014); within that study the disparity between the
sexes was marked, at 28.5 per cent in men and 10.3 per cent in
women (Kocabas et al., 2014). That a single population should yield
two prevalences differing by a factor of three according only to
which threshold is applied is the clearest available demonstration
that the diagnostic criterion is not a neutral instrument for counting
a pre-existing disease, but a partial determinant of how much disease
is found.
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Behind these figures lies the fundamental problem that
obscures the epidemiological profile of the disease. It has been
reported that between 60 and 85 per cent of individuals with COPD
remain undiagnosed, and that this undiagnosed group consists
predominantly of those with mild to moderate disease (Kocabas et
al., 2014). The overlap between the undiagnosed group and the group
that would derive the greatest benefit from intervention magnifies
the clinical weight of the problem.

Two sources of the diagnostic gap may be distinguished. The
first is attributable to the patient: symptoms such as dyspnoea,
chronic cough, and sputum production are, in the early stages,
attributed to smoking or to ageing, are disregarded, and the
individual does not present to a health facility (GOLD, 2020). The
second is attributable to the test: even when the individual does
present, the sensitivity of the diagnostic criterion in early disease is
limited, and spirometry is not performed to standard in every centre.
The present chapter is concerned with the second source.

The economic burden of the disease is likewise considerable.
Within the European Union, the direct costs of respiratory diseases
constitute approximately 6 per cent of total health expenditure, and
the treatment of COPD alone accounts for approximately 56 per cent
of that sum (38.6 billion euros) (GOLD, 2020). A survey spanning
twelve countries demonstrated that the annual direct cost per patient
ranged from 504 US dollars in South Korea to 9,981 US dollars in
the United States, with inpatient hospitalisation and home oxygen
therapy the principal drivers (Foo et al., 2016). Disease severity,
exacerbation frequency, and the presence of comorbidities are the
principal determinants of cost (Lopez-Campos et al., 2016; Smith &
Wrobel, 2014). The annual global mortality attributable to the
disease is estimated at approximately three million (GOLD, 2020),
and COPD is projected to remain among the leading causes of death
worldwide (Mathers & Loncar, 2006; Negewo et al., 2015). That
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exacerbations become more frequent as the disease advances, and
that they constitute the largest single component of cost, also
establishes the economic rationale for early diagnosis.

The Anatomical Origin of Airflow Limitation

The characteristic airflow limitation of COPD arises from
two processes whose relative contributions vary between
individuals: small airway disease (obstructive bronchiolitis) and
parenchymal destruction (emphysema) (GOLD, 2020). These two
processes arrive at the same physiological outcome by different
mechanisms.

In small airway disease, the membranous bronchioles of less
than 2 mm internal diameter develop inflammatory cell infiltration,
wall thickening, smooth muscle hypertrophy, mucus plugging, and
peribronchiolar fibrosis; the lumen narrows and resistance increases.
In emphysema, by contrast, destruction of the alveolar walls reduces
the elastic recoil force of the lung. Elastic recoil maintains the
patency of the small airways through the radial traction exerted upon
them by the surrounding parenchyma. When this traction is
weakened, the airways become liable to collapse, particularly during
expiration. In both pathways, FEV1 declines progressively, the lungs
fail to empty adequately during expiration, and static and dynamic
hyperinflation develop (Kocabas et al., 2014). The process is
regarded as a multifactorial pathobiological pathway shaped by the
interaction of genetic determinants, lung growth, and environmental
stimuli.

That the small airways constitute the first link in this
pathogenetic chain carries a decisive diagnostic consequence, the
appreciation of which requires attention to the geometry of the
bronchial tree. The airways branch at each generation from trachea
to alveolus. Although the cross-sectional area of each individual
branch is smaller than that of its parent, the number of branches
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increases exponentially, so that the total cross-sectional area expands
markedly towards the periphery. Whereas the cross-sectional area of
the trachea is of the order of a few square centimetres, the total cross-
sectional area at the level of the terminal bronchioles reaches several
hundred square centimetres.

Since, by Poiseuille's law, resistance is inversely related to
cross-sectional area, the greater part of total airway resistance in the
healthy individual originates in the large and medium-sized airways.
The contribution of the small airways to total resistance is
comparatively small. The diagnostic corollary is that early
pathological changes in the small airways may progress for a
considerable period without producing a measurable increase in total
resistance. The obstruction of a large number of bronchioles is
reflected only marginally in total resistance, owing to the parallel
resistance of the remaining pathways. This is the reason for which
the small airways are designated in the literature as the silent zone.
The disease originates in this region, yet a parameter weighted
towards the large airways, such as FEV1, cannot detect it in the early
stages.

The phenotypic distinction acquires meaning in this context.
In the emphysema-predominant case, loss of elastic recoil is
foremost: total lung capacity and residual volume increase, and the
diffusing capacity for carbon monoxide declines. In the case in
which chronic bronchitis and small airway disease predominate,
luminal narrowing is determinative and diffusing capacity may be
relatively preserved. Although both phenotypes reduce the
FEV1/FVC ratio, this reduction does not proceed at the same rate in
the early stages of the disease. In the small-airway-predominant
phenotype, parameters measuring the late expiratory segment would
be expected to become abnormal earlier. This expectation constitutes
the physiological foundation of the interest in FEF25-75.
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The Mechanics of Forced Expiration and Flow Limitation

Maximal expiration, initiated after a deep inspiration to total
lung capacity and sustained to residual volume, constitutes the
expiratory limb of the flow-volume loop (Ulubay et al., 2019). Flow
rate along this limb is not governed by the same physiological laws
from the beginning of the manoeuvre to its end; the curve divides
into two qualitatively distinct segments.

During the initial moments of the manoeuvre — in the brief
interval from total lung capacity until peak expiratory flow is
attained — flow rate is directly proportional to the expiratory muscle
force generated by the patient. Early parameters such as peak
expiratory flow and FEF25 are therefore effort-dependent and are
influenced substantially by the patient's cooperation and motivation
and by the quality of instruction in the manoeuvre.

Once peak flow has been reached, however, flow rate does
not increase despite increasing effort. This phenomenon, termed
flow limitation, is explained by the equal pressure point theory.
During forced expiration, the expiratory muscles generate a positive
pressure within the pleural space. The pressure within the alveolus
equals the sum of this pleural pressure and the elastic recoil pressure
of the lung. As air travels from alveolus towards mouth, it loses
pressure progressively through friction. At some point along the
airway, the intraluminal pressure becomes equal to the pleural
pressure surrounding it externally; this point is the equal pressure
point. Downstream of it, towards the mouth, intraluminal pressure
falls below the surrounding pressure and the airway is dynamically
compressed.

The resulting inference is decisive. When the patient exerts
greater effort, pleural pressure rises, but airway compression
increases proportionately, and the two effects offset one another. The
variables determining flow in this segment are therefore not effort
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but the elastic recoil pressure of the lung and the resistance of the
airways upstream of the equal pressure point. These two variables
coincide with the two variables impaired in COPD: emphysema
reduces elastic recoil, and small airway disease increases upstream
resistance. The mid and late expiratory segments are accordingly
both relatively effort-independent and directly sensitive to the two
principal pathological processes of COPD (Saryal & Ulubay, 2018;
Ulubay et al., 2019).

FEF25-75, which measures the mean flow rate between 25
and 75 per cent of forced vital capacity, describes precisely this
segment. Herein lies the physiological foundation of the claim that
the parameter reflects the small airways. It should be noted, however,
that this attribution has been contested: because flow measured at the
mouth is affected by thoracic gas compression, and because a
reduction in flow at low lung volumes may equally result from
increased peripheral pressure loss or from diminished elastic recoil,
a low FEF25-75 does not identify a specific anatomical locus of
disease.

A consequence of effort dependence for test quality must also
be noted. Since FEV1 is in part effort-dependent, submaximal effort
may reduce this value and create a spurious impression of
obstruction. A prematurely terminated manoeuvre, by contrast,
reduces FVC and thereby falsely elevates the FEV1/FVC ratio,
potentially masking genuine obstruction. When a borderline ratio is
encountered, visual inspection of the spirogram and verification that
the manoeuvre satisfies the acceptability criteria must precede
interpretation of the numerical value.

Definition of Spirometric Parameters and Measurement
Validity

Spirometry is a non-invasive, low-cost, and reliable
diagnostic technique that may be performed by trained health
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personnel (GOLD, 2020; Kocabas et al., 2014). Spirometers meeting
the criteria of the American Thoracic Society (ATS) and the
European Respiratory Society (ERS) should be selected (Saryal &
Ulubay, 2018). The parameters employed in the remainder of the
chapter are summarised in Table 1.

Table 1. Principal dynamic spirometric parameters used in the
diagnosis of COPD

Parameter Definition Unit Physiological correlate
FEV1 Volume expelled L Partly effort-dependent;
during the first reflects predominantly
second of forced the large and medium
expiration airways
following maximal
inspiration
FVC Total volume L Volume indicator;
expelled during reduced in restriction
forced expiration and in advanced
following deep hyperinflation
inspiration
FEVI/FVC | Tiffeneau ratio dimensionless | Volume-normalised
(%) early-segment flow;
diagnostic criterion for
obstruction
FEF25-75 Mean flow rate L-st Relatively effort-
between 25 and 75 independent; held to
per cent of FVC reflect medium and
small airways, but
volume-dependent
FEF25- Ratio of FEF25-75 | s! Surrogate for airway
75/FVC to FVC size relative to lung
size (dysanapsis);
volume-normalised
late-segment flow

Definitions compiled from Saryal and Ulubay (2018) and Ulubay et al. (2019);
interpretation of FEF25-75/FVC after Mead (1980) and Litonjua et al. (1999).

The validity of measurement depends upon the test being
performed by an experienced technician or physician and upon
adherence to the criteria of acceptability and repeatability (Graham
etal.,2019; Miller et al., 2005; Saryal & Ulubay, 2018; Uysal, 2013).
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The principal criteria are as follows: time to peak flow must be less
than 120 milliseconds; back-extrapolated volume must not exceed 5
per cent of FVC or 150 mL; the spirogram must be free of artefact
and there must be no cough during the manoeuvre; the manoeuvre
must not be terminated prematurely, and expiration should be
extended to fifteen seconds where necessary in elderly or obstructed
individuals; there must be no leak at the mouthpiece, and the
mouthpiece must not be occluded by tongue or teeth; the difference
between the two largest FVC values and between the two largest
FEV1 values must not exceed 150 mL; and at least three acceptable
manoeuvres must be obtained from each individual.

In the diagnosis of COPD, spirometry must be repeated after
administration of an appropriate dose of a short-acting inhaled
bronchodilator and after the interval recommended by guidelines has
elapsed, in order to minimise variability. The diagnosis rests upon
post-bronchodilator values; a diagnosis founded upon pre-
bronchodilator measurement is, by definition, invalid.

The measurement of FEF25-75 carries three particular
vulnerabilities. The first is that the parameter is calculated over
percentile fractions of the individual's own FVC; when FVC difters
between two manoeuvres in the same patient, the volume interval
over which the parameter is computed likewise differs, which
renders the repeatability of FEF25-75 inferior to that of FEV1. The
second is that the ATS and ERS recommend that the parameter be
reported from the manoeuvre yielding the largest sum of FVC and
FEV1 (Saryal & Ulubay, 2018); combining the value across different
manoeuvres is erroneous. The third is that a prematurely terminated
manoeuvre reduces FVC, shifting upward the window over which
FEF25-75 is computed and thereby falsely elevating the parameter.

A convention of reporting must also be established. In the
present chapter, FEF25-75/FVC is expressed in reciprocal seconds

(s™), obtained by dividing FEF25-75 in litres per second by FVC in
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litres. Some investigators multiply this quantity by one hundred and
report it as a percentage, and cut-off values derived under the two
conventions therefore differ by two orders of magnitude. Any study
reporting this ratio should state its scaling convention explicitly,
since otherwise thresholds cannot be compared across reports.

The Metrological Limits of the Fixed FEV1/FVC Threshold

The lung is an ageing organ. The structure of the elastin fibres
deteriorates, elastic recoil force diminishes, and the radial traction
that maintains the patency of the small airways is weakened. Chest
wall compliance falls, and the respiratory muscles lose strength. The
spirometric expression of these changes is that FEV1 declines more
rapidly than FVC, and that the FEV1/FVC ratio consequently falls
with age as a physiological phenomenon. Such a decline is not
pathological: in a healthy, never-smoking, asymptomatic individual
of seventy-five years, an FEV1/FVC ratio below 0.70 is an expected
observation.

Because the fixed threshold does not accommodate this
phenomenon, it generates an asymmetrical, bidirectional
misclassification. In advanced age, the age-related physiological
decline is interpreted as pathological obstruction, and the disease is
over-diagnosed in individuals who have never smoked (Swanney et
al., 2008; Uysal, 2013). In younger individuals, by contrast, the
FEV1/FVC ratio of a smoker may remain above 0.70 even when it
is significantly reduced for that person's age, and the disease escapes
detection by the criterion (Uysal, 2013). The second error carries the
graver clinical consequences, since the patient who is missed is at
the very stage at which smoking cessation may slow the rate of
decline in lung function.

The ATS and ERS recommend that the definition of
obstruction be founded upon the lower limit of normal (LLN)
calculated for the individual's age, sex, height, and ethnicity
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(Hangaard et al., 2017; Quanjer et al., 2012). The LLN corresponds
to the fifth percentile of the healthy reference population;
equivalently, a z-score below —1.645 defines obstruction. The Global
Lung Function Initiative (GLI) 2012 equations rendered this
approach practicable by providing reference values spanning the age

range of 3 to 95 years across multiple ethnic groups (Quanjer et al.,
2012).

Although the LLN approach has been shown to reduce
misclassification substantially, two obstacles persist. The first is that
the approach requires the availability of population-appropriate and
current reference equations, a condition that is frequently unmet in
primary care and resource-limited settings, where spirometry is most
needed. The second is that the LLN is itself ultimately a statistical
threshold and, by definition, classifies 5 per cent of healthy
individuals as abnormal; it reduces misclassification without
eliminating it. The magnitude of the residual error should not,
however, be overstated. Uysal (2013) puts the combined rate of
missed and mistaken diagnoses at approximately 5 per cent, with
ethnicity, age and sex the principal contributors. The fixed threshold
is thus not a crude instrument but a slightly miscalibrated one, and it
is precisely this that makes the misclassification it produces so easy
to overlook.

A further blind spot of the fixed ratio is the group designated
preserved ratio impaired spirometry (PRISm). These individuals, in
whom the FEV1/FVC ratio is preserved while FEV1 falls below 80
per cent of predicted, do not receive a diagnosis of COPD under
current GOLD criteria; they nevertheless exhibit increased
respiratory symptoms, systemic inflammation, and mortality, and the
pattern was found in 12.3 per cent of the COPDGene cohort (Wan et
al., 2014). The existence of the PRISm group constitutes direct
evidence that the diagnostic criterion fails to encompass the
definition of the disease, and it is noteworthy that this group can be
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identified only by way of the denominator of the ratio — that is,
through volumetric impairment.

Finally, the FEVI/FVC ratio is not specific to COPD.
Comorbidities such as heart failure may likewise reduce the ratio;
asthma, bronchiectasis and obliterative bronchiolitis figure,
alongside heart failure, in the differential diagnosis of COPD
(Gentry & Gentry, 2017). A diagnosis founded solely upon the ratio
documents not the presence of disease but the fact that a numerical
value has crossed a threshold. This is the rationale for the insistence
of international guidelines (ACP, GOLD, NICE) that the diagnosis
be confirmed within the context of history and physical examination
(Gentry & Gentry, 2017; GOLD, 2020). Where the ratio is borderline
(in the range of 0.65 to 0.75), the decision should rest upon the joint
evaluation of exposure history, symptom profile, physical
examination, and, where possible, the LLN value; where doubt
persists, lung volumes, diffusing capacity, and thoracic computed
tomography should be added to the assessment.

Uysal (2013) states the underlying difficulty without
embellishment: because COPD originates in the peripheral airways,
no simple and sensitive spirometric test is at present available that
can register the early rise in residual volume. The question is
therefore not merely which threshold should be applied to
FEV1/FVC, but whether that ratio interrogates the appropriate
region of the lung at all. This tension between the fixed ratio and the
LLN legitimises the search for an indicator that is relatively
independent of age, unaffected by volume, and impaired at an earlier
stage of the disease.

The Structural Limitations of FEF25-75

It has long been known that FEF25-75 falls during the initial
stages of obstructive disease. Because it is relatively effort-
independent and samples the late expiratory segment, the parameter
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has been regarded as an early indicator of small airway disease and
has been widely reported in asthma, early COPD, and occupational
exposure screening. Three obstacles nevertheless stand in the way of
its full incorporation into clinical decision-making.

The first and most important is volume dependence. By
definition, FEF25-75 is computed over the middle half of the
individual's own FVC. In a person with a small FVC, this percentile
window shifts downward on the scale of absolute lung volume, into
the region near residual volume where flow rates are naturally low.
Since the expiratory limb of the flow-volume curve becomes
progressively steeper and approaches zero at low volumes, the mean
flow measured falls as the window descends, even within the same
healthy lung. Consequently, FEF25-75 may be measured as low in
an individual whose airways are entirely normal and whose FVC
alone is small. The reduction of FEF25-75 in a restrictive case in the
absence of any obstruction is explained by this mechanism. The
same mechanism causes the parameter to be systematically low in
individuals of short stature, in women, and in advanced age. This is
not a measurement error but a structural property embedded in the
definition of the parameter. A further consequence deserves
emphasis: because residual volume rises as obstruction develops, the
FVC of a given patient comes to be exhaled from progressively
higher absolute lung volumes over the course of the disease. Since it
is not practicable to express flow as a percentage of total lung
capacity, a percentage of FVC is used as a surrogate, with the result
that even the serial measurements of a single individual are not
strictly comparable to one another.

The second obstacle is the width of the normal range in the
healthy population, which weakens the specificity of the parameter.
The lower limit of normal for this parameter varies markedly across
age strata, so that a threshold expressed as a fixed percentage of the
predicted value carries a different meaning at different ages. A low
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FEF25-75 value may accordingly belong to a diseased individual or
equally to an individual at the lower end of the healthy distribution,
and the interpretation of an isolated reduction in FEF25-75 as early
small airway disease is therefore not defensible.

The third obstacle is the questioning of the parameter's
incremental clinical contribution. In a large analysis of routine
spirometric records from four tertiary laboratories, comprising
11,654 white males and 11,113 white females aged 3 to 94 years,
Quanjer et al. (2014) found that FEF25-75 lay below the lower limit
of normal while FEV1, FVC, and FEV1/FVC all remained within
normal limits in only 2.75 per cent of cases. Their conclusion — that
the mid-expiratory flow contributes nothing useful to clinical
decision-making over and above FEV1, FVC, and FEVI/FVC —is
the most serious objection levelled at the parameter and the
fundamental question that any study defending an FEF25-75-derived
indicator must answer.

Of the three limitations enumerated, only the first is
amenable to mathematical correction. It is to that correction, and to
the literature it has generated, that the chapter now turns.

The FEF25-75/FVC Ratio: Conceptual Basis

Dysanapsis and the received interpretation

Green, Mead, and Turner (1974) introduced the term
dysanapsis to describe the independent and disproportionate growth
of airway calibre and lung parenchymal volume, invoking it to
account for the observation that maximal expiratory flows exhibit
greater inter-subject variability than does forced vital capacity
among healthy adults. Even among healthy individuals, in other
words, two persons with identical lung volumes may possess
markedly different airway cross-sectional areas.
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Mead (1980) subsequently quantified this disproportion.
Examining the ratio of a measurement sensitive to airway size
(maximal expiratory flow divided by static recoil pressure at 50 per
cent of vital capacity) to one sensitive to lung size (vital capacity) in
twenty-one men aged 20 to 50 years, he showed that the ratio
declined approximately as the inverse four-thirds power of vital
capacity — a result consistent with airway diameter being
independent of, but airway length dependent upon, lung size. Mead
accordingly proposed the ratio of maximal expiratory flow at 50 per
cent of vital capacity to FVC as an index of airway size relative to
lung size.

The extension of this reasoning to FEF25-75 followed.
Litonjua, Sparrow, and Weiss (1999), studying 929 middle-aged and
older men in the Normative Aging Study, treated FEF25-75/FVC
explicitly as a surrogate measure of airway size relative to lung size
and demonstrated that it was significantly associated with the degree
of methacholine airway responsiveness after adjustment for age,
height, baseline FEV1, smoking, eosinophil count, and IgE (B =
—0.37; p <0.001). Notably, radiographic measures of airway calibre
relative to lung area were themselves attenuated when FEF25-
75/FVC was entered into the same model, and the association
persisted after exclusion of subjects with FEV1/FVC below 0.70 and
of all subjects with any smoking history. Parker, Abu-Hijleh, and
McCool (2003) subsequently confirmed the relationship in a broader
sample of 764 consecutive subjects aged 4 to 91 years,
encompassing both sexes.

The received interpretation of the FEF25-75/FVC ratio is
therefore established: it is a surrogate for the geometric relationship
between airway calibre and lung volume. As airway diameter
decreases, or as lung volume increases, the ratio falls.

A supplementary reading: the emptying rate constant
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To this established interpretation a second, complementary
reading may be added, which the present chapter proposes rather
than reports. The quantity obtained by dividing FEF25-75 (L-s™") by
FVC (L) carries the unit s™'. Dimensionally, what results is not a
velocity but a rate constant, expressing the fraction of its own
volume that the lung empties per unit time in the mid-expiratory
segment. Its reciprocal (FVC/FEF25-75), expressed in seconds,
corresponds to a conceptual emptying time. A value of 0.50 s, for
instance, signifies that in the mid-expiratory segment the lung
empties half of its own vital capacity per second. This quantity bears
a structural kinship to the time constant that describes passive lung
emptying (T = resistance X compliance): as resistance increases, or
as compliance increases — as in emphysema — emptying slows and
the rate constant diminishes.

The two readings are not in conflict. Reduced airway calibre
relative to lung volume (dysanapsis) is precisely the condition under
which the lung empties a smaller fraction of its volume per unit time.
The dimensional reading simply makes explicit why the ratio should
be expected to behave as it does.

That the logic of normalisation is already familiar in clinical
practice reinforces the point. The FEV1/FVC ratio is the product of
the same operation: the volume expelled in the first second expressed
as a fraction of the total expellable volume. The durability of the
Tiffeneau ratio as an indicator derives from its comparability across
individuals irrespective of lung size. The FEF25-75/FVC ratio
applies this principle to the later segment of expiration, which is less
effort-dependent and more sensitive to peripheral resistance and
elastic recoil.

A testable prediction

This proposition contains a prediction that may be formulated
in advance and tested empirically. If the operation of normalisation
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genuinely removes volume dependence, then no significant
correlation should be observed between the resulting indicator and
FVC; apositive correlation, by contrast, should be observed between
raw FEF25-75 and FVC.

A corollary follows for restrictive physiology. Although lung
volume is reduced in restrictive disease, the accompanying increase
in elastic recoil opposes airway collapse during the latter portion of
the FVC manoeuvre; the FEF25-75/FVC ratio would therefore be
expected to rise rather than fall. This asymmetry — the ratio falling
in obstruction and rising in restriction — is a further consequence of
its dimensional structure.

Prior Literature on the FEF25-75/FVC Ratio in Obstructive
Disease

Several investigations have assessed the relationship
between FEF25-75/FVC and obstructive lung disease. Beyond the
airway-responsiveness studies described above, DeMeo et al. (2004)
reported familial aggregation of both FEF25-75 and FEF25-75/FVC
in families with severe, early-onset COPD, a finding consistent with
the ratio’s capturing a heritable geometric predisposition rather than
acquired obstruction alone.

Of direct relevance to the present chapter is the report of
Mirsadraee, Boskabady, and Attaran (2013), who proposed the ratio
of maximal mid-expiratory flow to forced vital capacity — a
designation they explicitly equate with FEF25-75/FVC — as a
feasible spirometric parameter permitting the diagnosis of COPD
earlier than the prevailing GOLD criteria allow. Their prospective
case—control study recruited 109 participants: 40 with established
obstruction, 37 who presented with the clinical features of COPD
while their FEV1 and FEV1/FVC remained within the normal range
(designated the at-risk group), and 32 never-smoking controls in
whom airway hyperresponsiveness had been excluded by
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methacholine challenge. Lung volumes were measured by body
plethysmography. The authors framed the ratio explicitly as an index
of dysanapsis, citing Mead (1980), and traced the practice of
volume-adjusting the mid-expiratory flow to Cockcroft and
Berscheid (1980), whose adjustment referred the flow to a fixed
volume below total lung capacity rather than dividing it by FVC.
Subsequent work has employed the ratio for the classification of
spirometric lung disease more broadly.

They reported a mean ratio of 0.90 =+ 0.24 in controls, 0.73 £
0.19 in the at-risk group, and 0.31 + 0.17 in the obstructive group,
the three distributions being distinct from one another. The ratio
correlated with GOLD stage (Spearman’s p =0.82; p=0.0001). In a
receiver operating characteristic analysis directed at the detection of
COPD among individuals whose FEV1 and FEV1/FVC were
normal, the area under the curve for the ratio was 0.849, marginally
exceeding that for FEVI/FVC at 0.843; a cut-off of 0.8 was
recommended, yielding a sensitivity of 86 per cent and a specificity
of 68 per cent.

The present series affords an independent test of the two
values that both studies report. For the control group, Mirsadraee et
al. found 0.90 + 0.24 and the present series 0.86 + 0.27; for the group
with established obstruction, 0.31 + 0.17 and 0.35 = 0.09
respectively. The agreement is close, and the residual discrepancy
lies in the direction the sampling frames would predict: the controls
of Mirsadraee et al. were never-smokers screened by methacholine
challenge, whereas the present control group was drawn from
consecutive clinic attenders, 47 per cent of whom were current
smokers. Two populations, two countries, two instruments, and an
interval of seven years thus yield concordant central values.

The cut-off values, by contrast, diverge substantially: 0.8 in
the earlier report against 0.512 s! here. This is not a contradiction

but a direct consequence of case definition. The positive class of
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Mirsadraee et al. included the at-risk group, whose mean ratio was
0.73; no threshold below that value could have detected them. The
positive class of the present series comprised only individuals with
established obstruction, whose mean ratio was 0.35, for which a
considerably lower threshold suffices. A cut-off derived from a
receiver operating characteristic analysis is a property of the case
mix that generated it, and not of the parameter it purports to
characterise.

A further comparison bears upon the interpretation of both
studies. In the earlier report the ratio marginally outperformed
FEVI/FVC (0.849 against 0.843), whereas in the present series
FEV1/FVC was marginally superior. Neither result should be read
as evidence about the parameters themselves, because in each study
the definition of a case determined the outcome in advance.
Mirsadraee et al. selected cases in whom FEVI/FVC was, by
inclusion criterion, normal; the fixed ratio was thereby handicapped
by construction. The present series selected cases in whom
FEV1/FVC lay below 0.70; the fixed ratio was thereby favoured by
construction. The two designs err in opposite directions, and the
conclusion that follows from their conjunction is that neither has yet
established the relative standing of the two indices.

Two observations follow. First, the FEF25-75/FVC ratio is
not a novel parameter; it possesses a lineage extending from Green
et al. (1974) through Mead (1980) and Litonjua et al. (1999) to
Mirsadraee et al. (2013). Any contemporary contribution must
therefore be framed not as the introduction of a new measure but as
the independent evaluation of an existing one. Second, and more
consequentially, the study designs differ in a manner that bears
directly on what each can establish. Mirsadraee et al. included an at-
risk group with normal spirometry, and were thereby positioned —
at least in principle — to test the claim of earlier diagnosis. A design
comparing established COPD patients with healthy volunteers, as in
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the series presented below, cannot test that claim, for reasons
developed in the section on methodological limitations. What such a
design can establish is whether the ratio discriminates, whether
normalisation succeeds in removing volume dependence, and
whether the ratio outperforms the existing criterion within the range
over which that criterion is applied. These are worthwhile questions,
and they are the questions the present series addresses. The
contribution of the present series is accordingly one of independent
evaluation rather than introduction. Its case—control contrast rests
upon 200 participants rather than 72, and it places the ratio in direct
receiver operating characteristic comparison with the fixed criterion
within a single cohort, while demonstrating empirically that
normalisation to FVC abolishes the volume dependence of the raw
parameter.

An Independent Case-Control Evaluation
Design

In order to evaluate the diagnostic performance of the ratio
in an independent population, 100 patients with COPD aged between
30 and 80 years who presented to the pulmonary medicine outpatient
clinics of a tertiary university hospital over a five-month period were
compared with 100 volunteers who had not previously received a
diagnosis of COPD and in whom the absence of chronic lung disease
was demonstrated spirometrically. Individuals with
contraindications to spirometry (haemoptysis of unknown origin,
pneumothorax, recent thoracic, cerebral, or abdominal surgery,
recent myocardial infarction, known aneurysm), those with a history
of lung surgery, those who had undergone endobronchial volume
reduction therapy, and those with a diagnosis of solid organ or
haematological malignancy were excluded.

Measurements were performed with a spirometer
conforming to ERS criteria, after participants had rested for a
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minimum of thirty minutes. The study was conducted with the
approval of the institutional clinical research ethics committee and
with the written informed consent of all participants.

Continuous variables were compared between groups using
the independent-samples t test and categorical variables using the
chi-square test; with one hundred participants per group, reliance on
the central limit theorem for the comparison of means is defensible.
Associations between spirometric indices were quantified with the
Pearson product-moment correlation coefficient. Diagnostic
discrimination was assessed by receiver operating characteristic
(ROC) analysis, in which the state variable was the presence of
physical examination findings consistent with COPD rather than the
case—control label itself; this choice is examined in the section on
methodological limitations. The area under the curve (AUC), the
optimal cut-off value, sensitivity, and specificity were computed.
The threshold of significance was set at p < 0.05.

Participants

Cumulative tobacco consumption was markedly higher in the
patient group (38.1 +29.1 versus 14.1 £+ 21.5 pack-years; p <0.001),
and 89 per cent of the patient group were current smokers, compared
with 47 per cent of the control group (p < 0.001). The majority of
patients exhibited mild (52 per cent) or moderate (45 per cent)
airflow limitation; only 3 per cent were in the severe category. This
distribution indicates that the series is weighted towards earlier
disease, since no parameter would be expected to encounter
diagnostic difficulty in severe cases.

Spirometric findings

Comparison of the spirometric parameters revealed a notable
pattern (Table 2). Whereas all parameters measuring flow were
significantly reduced in the patient group, FVC — which measures

volume alone — did not differ between the groups (p = 0.083). This
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finding accords with the physiological expectation that the
fundamental abnormality in COPD is flow limitation rather than
volume loss. It supports the internal validity of the series and
simultaneously strengthens the rationale for normalisation, since the
FVC in the denominator functions as a relatively neutral scaling
factor unaffected by the disease.

Table 2. Spirometric parameters in patients with COPD and in the
control group

Parameter Control (n=100) | COPD (n=100) |p

FEV1 (L) 2.68+0.71 1.86 + 0.68 <0.001
2.59(1.22-4.91) | 1.79 (0.69-3.84)

FVC (L) 3.30+0.88 3.08 +0.94 0.083
3.23 (1.53-5.61) | 2.89 (1.39-5.56)

FEV1/FVC (%) 81.43+5.75 59.42 + 8.36 <0.001
81.80 (70.1-93.4) | 60.45 (28.8-69.9)

FEF25-75 (L's™) 2.79+£0.95 1.08 £0.48 <0.001
2.67 (0.94-6.12) | 1.05(0.29-2.42)

FEF25-75/FVC (s™") | 0.86 +0.27 0.35+0.09 <0.001
0.82 (0.29-1.75) | 0.36 (0.17-0.53)

Values are presented as mean + standard deviation, with the median and range
beneath. The independent-samples t test was applied.

Testing the prediction

Correlation analysis tested directly the prediction formulated
above (Table 3). Raw FEF25-75 was, as anticipated, moderately
correlated with FVC (r = 0.486; p < 0.001), thereby confirming
volume dependence empirically. No significant relationship, by
contrast, was detected between the FEF25-75/FVC ratio and FVC (r
=0.040; p = 0.576). The operation of normalisation eliminated the
dependence it was designed to remove. The same analysis
established that the ratio was very strongly correlated with
FEV1/FVC (r = 0.896; p <0.001), a finding of decisive importance
for the interpretation offered below.

Table 3. Correlations among spirometric parameters across all
participants
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FVC FEV1/FVC FEF25-75 | FEF25-75/FVC
FEV1 0.878%** [ 0.561*** 0.811%** [ 0.458***
FVC — 0.132 (p = 0.062) | 0.486*** | 0.040 (p = 0.576)
FEVI/FVC | — — 0.820%** [ 0.896***
FEF25-75 | — — — 0.840%**

Values are Pearson correlation coefficients (r). *** p < 0.001.
Diagnostic performance

ROC analysis demonstrated that both parameters
discriminated COPD with high accuracy and that the areas under the
curve were identical (AUC =0.998). For FEV1/FVC, sensitivity was
0.981 and specificity 0.979 at a cut-off of 71.65 per cent; for FEF25-
75/FVC, sensitivity was 0.971 and specificity 0.968 at a cut-off of
0.512 s7' (Table 4).

Table 4. Diagnostic performance of the FEVI/FVC and FEF25-
75/FVC ratios

Parameter | AUC | Standard | 95% Cut-off | Sensitivity | Specificity
error CI
FEVI1/FVC | 0.998 | 0.001 0.996— | 71.65% | 0.981 0.979
1.000
FEF25- 0.998 | 0.002 0.994- | 0.512 0.971 0.968
75/FVC 1.000 | s™

AUC: area under the curve; CI: confidence interval. p < 0.001 for both
parameters. The state variable was the presence of physical examination findings
consistent with COPD. The FEF25-75/FVC cut-off is expressed in reciprocal
seconds,; multiplication by 100 yields the percentage convention used by some
investigators.

Interpretation of the Findings

The inferences supported by the series must be distinguished
from those it does not support.

The first inference is that the operation of normalisation
achieved its purpose. The FEF25-75/FVC ratio has been divested of
volume dependence; the near-zero correlation with FVC (r = 0.040;
p = 0.576) constitutes direct evidence of this. The dependence
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evident in the raw parameter (r = 0.486) was abolished by
normalisation. The practical corollary is that in heterogeneous
populations in which variability in lung volume predominates —
screening settings in which individuals of differing height, sex, age,
and ethnicity are assessed together — the ratio possesses a
conceptual advantage over raw FEF25-75. In settings lacking
reference equations, this property may translate into a practical
advantage. The finding is consistent with the interpretation of the

ratio as a surrogate for airway size relative to lung size (Litonjua et
al., 1999; Mead, 1980).

The second inference is that the ratio discriminates
individuals with COPD from healthy individuals. The value in the
patient group is approximately 40 per cent of that in the control
group (0.35 versus 0.86 s'), and the difference is marked both
statistically and in magnitude. This corroborates, in an independent
population and with a larger sample, the direction of the effect
reported by Mirsadraee et al. (2013).

The series does not, however, support the inference that the
ratio is superior to FEV1/FVC. The areas under the curve for the two
parameters are identical (0.998); their sensitivities and specificities
are almost the same, and FEV1/FVC is marginally superior on both.
This result is unsurprising in light of the correlation of 0.896 between
them. The two ratios share a common denominator and carry largely
overlapping information; FEV1 and FEF25-75 are themselves
strongly correlated (r = 0.811). It would not, mathematically, have
been expected that two ratios derived from two different segments
of the same curve, each divided by the same volume, should carry
independent information. The objection raised by Quanjer et al.
(2014) — that FEF25-75-derived measures add little once FEV1,
FVC, and FEVI/FVC are known — is thus not refuted by the present
data. The statement supported by the series is that the ratio functions,
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but that within the range over which the existing criterion operates it
does not function better.

A further observation concerns the boundary of the fixed
threshold. Physical examination findings consistent with COPD
were recorded in 52.5 per cent of participants — in every member of
the patient group and in five members of the control group. The
FEV1/FVC ratios of those five individuals lay between 70.3 and 73.9
per cent, that is, immediately above the diagnostic threshold, and
each was therefore classified as free of obstruction. Their FEF25-
75/FVC values were 0.294, 0.439, 0.470, 0.481, and 0.584 s7!; four
of the five fell below the cut-off of 0.512 s™* identified above. The
number is far too small to support any inference, and the observation
is offered as hypothesis-generating rather than as evidence. It
nevertheless illustrates, within the present data, the configuration
that the preceding sections have described in the abstract: in
symptomatic individuals whose FEV1/FVC lies just above 0.70, the
normalised mid-expiratory flow may already be abnormal. The fixed
ratio, although a robust criterion, is on its own neither definitively
diagnostic nor definitively exclusionary.

Methodological Limitations

Four methodological limitations must be borne in mind in
interpreting these findings. They pertain not only to the series
presented but to a substantial portion of the diagnostic accuracy
literature, including several of the studies reviewed above.

Spectrum bias. The series compared patients whose
diagnosis had already been established with volunteers free of any
respiratory pathology. The population encountered by the clinician
in practice, by contrast, is concentrated in the zone of uncertainty
between these two extremes: smokers who are asymptomatic,
borderline spirometric values, elderly individuals with heart failure,
cases of asthma-COPD overlap. An AUC of the order of 0.998
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therefore reflects less the discriminative power of the test than the
distance separating the two groups compared. In designs comparing
extreme groups, almost any test performs highly; performance under
real-world conditions may be expected to be substantially lower.

Incorporation bias. This is the more serious constraint, and
it defines what the present design can and cannot establish. The ratio
was tested in a patient group defined by the very criterion accepted
as the gold standard — FEV1/FVC < 0.70. The condition of
inclusion in the patient group is, in other words, the result of the test
against which the comparison is made. The ROC analysis mitigated
this only partially: its state variable was the presence of physical
examination findings, which is formally independent of spirometry
but which coincided with case status in 195 of the 200 participants.
Under such circumstances, the performance of the new test is
inevitably constrained to converge upon that of the old, and the high
correlation observed between the two ratios is in part an artefact of
that constraint. The only means of demonstrating whether the new
parameter identifies cases missed by the established criterion is
either to include a group in whom the established criterion is
negative but disease is clinically suspected — the design adopted by
Mirsadraee et al. (2013) — or to employ a reference standard
external to spirometry altogether: quantification of air trapping and
emphysema on thoracic computed tomography, long-term clinical
course (rate of FEV1 decline, exacerbation frequency, mortality), or
histopathological confirmation. The strongest statement that may be
extracted from the present data is that the ratio is concordant with
the existing criterion, not that it precedes it.

Single-centre design and threshold transferability. The
participants reside in the same geographical region and carry
comparable comorbidities. Given that the prevalence of COPD
varies markedly across countries, regions, genetic constitution,
sociocultural structure, age, and sex (Abul & Ozlii, 2013), it is
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evident that the cut-off value of 0.512 s7! identified here cannot be
transferred directly to other populations. Cut-off values derived from
ROC analysis belong to the sample from which they are derived and
cannot be generalised until tested in an independent validation
cohort. The divergence between the threshold obtained here and the
value of 0.8 reported by Mirsadraee et al. (2013) illustrates the point:
the two figures reflect two different case mixes rather than two
measurements of the same quantity. The discrepancy between
thresholds reported across the literature is compounded by
inconsistent scaling conventions, as noted above.

Unadjusted confounding. The two groups were neither
matched nor statistically adjusted for the principal determinants of
the FEV1/FVC ratio. Age, sex, height, and cumulative tobacco
exposure all influence forced expiratory indices, and the last of these
differed markedly between the groups. Since the ratio declines
physiologically with age, any imbalance in that variable acts in the
same direction as disease and cannot be separated from it in an
unadjusted comparison. The estimates reported here should
accordingly be read as crude rather than adjusted.

Scope. The failure to examine chronic bronchitis, one of the
principal components of COPD, and the spirometric changes that
accompany it constitutes a shortcoming; in Tiirkiye, and defined by
symptoms rather than by spirometry, the prevalence of chronic
bronchitis has been reported as 13.5 per cent in a rural district of
Kayseri (Cetinkaya et al., 2000) and 14.1 per cent in the city centre
of Giimiishane (Tutar et al., 2013). Furthermore, the failure to
analyse = emphysema-predominant and  airway-predominant
phenotypes separately precluded any determination of the phenotype
in which the ratio is more informative. Since diffusing capacity and
lung volumes were not measured, this distinction cannot be made
retrospectively either.
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Interpretation in the Context of Differential Diagnosis

Where the FEF25-75/FVC ratio is found to be reduced, it
must be borne in mind that the ratio is not specific to COPD. Small
airway involvement is prominent in uncontrolled asthma, and the
ratio falls; indeed, its established association is with airway
responsiveness rather than with any single diagnosis (Litonjua et al.,
1999; Parker et al., 2003). The distinction rests upon bronchodilator
reversibility testing (an increase in FEV1 of 12 per cent and 200 mL),
symptom variability, and age at onset. Bronchiolitis obliterans is a
primary disease of the small airways and reduces the ratio markedly
and early. In bronchiectasis, airway deformation and mucus
accumulation diminish late-segment flow. Congestive heart failure
may also reduce the ratio, a possibility clinicians are advised to keep
in view (Gentry & Gentry, 2017). Technical artefacts — a
prematurely terminated manoeuvre, cough, leakage at the
mouthpiece — may likewise produce spurious reduction.

Conversely, a normal ratio does not exclude COPD. The ratio
may be preserved, particularly in the emphysema-predominant
phenotype and in the PRISm group. In restrictive disease the ratio
tends to be elevated rather than reduced, since the accompanying
increase in elastic recoil opposes airway collapse during the latter
portion of expiration.

The FEF25-75/FVC ratio is accordingly not a disease-
specific marker but an indicator of the geometric and mechanical
relationship between airway calibre and lung volume. An abnormal
value conveys no information as to the disease from which the
abnormality arises.

Clinical Positioning and Research Priorities

The present level of evidence does not support the
replacement of FEV1/FVC by the FEF25-75/FVC ratio. The

defensible domain of application of the ratio is complementarity
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rather than substitution. In a symptomatic case with a borderline
FEVI/FVC value (0.65 to 0.75) and a significant history of
exposure, a markedly reduced FEF25-75/FVC value may strengthen
diagnostic suspicion and justify further evaluation: calculation of the
LLN, lung volumes, diffusing capacity, and thoracic computed
tomography. Conversely, a normal ratio in a borderline case may
deter the initiation of unnecessary treatment. Such use constitutes a
decision-supporting signal rather than a diagnostic criterion, and it
must be presented to the clinician as such. To present a parameter as
stronger than it is may prove more harmful than disregarding it
altogether, since it engenders unnecessary diagnosis and
unnecessary treatment.

Studies capable of advancing the parameter beyond this
position must possess the following characteristics.

The reference standard must be changed. Rather than
spirometry, either imaging (quantitative air trapping and percentage
of low-attenuation area on computed tomography) or long-term
clinical outcome (rate of FEV1 decline, exacerbation frequency,
mortality) must serve as the diagnostic criterion, since only such a
design can eliminate incorporation bias.

A design incorporating all consecutive attenders at a
pulmonary medicine clinic, rather than established patients and
healthy volunteers, is the sole means of removing spectrum bias.
Where this is not feasible, the inclusion of a symptomatic at-risk
group with spirometry within the normal range, as in Mirsadraee et
al. (2013), represents a partial remedy.

A multicentre and ethnically diverse sample would render
possible the derivation of population-specific reference values and
of a lower limit of normal for the ratio, together with the
standardisation of its scaling convention.
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The incremental contribution of the ratio when added to
FEVI/FVC must be tested by measures such as the net
reclassification improvement and the integrated discrimination
improvement, beyond the comparison of areas under the curve.
Comparing the AUC of two tests does not demonstrate what one
adds when appended to the other, and it is precisely the question of
incremental value that Quanjer et al. (2014) answered in the negative
for the raw parameter and that remains unanswered for the ratio.

Performance must be evaluated separately in emphysema-
predominant and airway-predominant phenotypes, with concurrent
measurement of diffusing capacity and lung volumes.

Finally, a longitudinal design testing whether individuals
with a normal baseline FEV1/FVC but a reduced FEF25-75/FVC
subsequently develop COPD constitutes the only genuine test of the
claim that the ratio becomes abnormal at an earlier stage. Given the
familial aggregation of the ratio reported in kindreds with severe,
early-onset COPD (DeMeo et al.,, 2004), the relatives of such
probands would represent a particularly informative population in
which to conduct that test.

Conclusion

The definition of COPD rests upon a heterogeneous
pathology, whereas its diagnostic criterion rests upon a single
spirometric threshold; the distance between these two levels
constitutes the source of misclassification. Although the fixed
threshold of FEV1/FVC < (.70 affords ease of application, it leads
to over-diagnosis in advanced age and to under-diagnosis in the
young. Because the small airways contribute only marginally to total
airway resistance, they constitute a diagnostically silent zone, and
early disease within this zone is not reflected in FEV1 for a
considerable period.
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The segment of forced expiration following peak flow is
relatively effort-independent, and the variables that determine flow
within it — elastic recoil pressure and the resistance upstream of the
equal pressure point — coincide with the two variables impaired in
COPD. The parameter that measures this segment, FEF25-75, is
nevertheless volume-dependent, possesses a wide normal range, and
was shown by Quanjer et al. (2014) to be abnormal in isolation in
only 2.75 per cent of routine spirometric records.

Normalising FEF25-75 to FVC yields a quantity, expressed
in reciprocal seconds, that has been used since the work of Mead
(1980) and Litonjua et al. (1999) as a surrogate for airway size
relative to lung size, and that Mirsadraee et al. (2013) proposed as a
means of diagnosing COPD earlier than current guidelines permit.
The independent series presented here confirms that normalisation
removes volume dependence — the ratio was uncorrelated with FVC
(r = 0.040; p = 0.576) — and that the ratio is substantially reduced
in COPD. It nevertheless exhibited diagnostic performance
equivalent to that of FEV1/FVC and demonstrated no superiority
(AUC = 0.998 for both); the correlation of r = 0.896 between the two
ratios accounts for this result. The high AUC observed in both
parameters is in large measure a product of spectrum bias.

So long as the FEV1/FVC ratio is employed as the reference
standard and established patients are compared with healthy
volunteers, the claim that the FEF25-75/FVC ratio permits earlier
diagnosis cannot be tested. At the present level of evidence, the place
of the ratio should be established not as a diagnostic criterion but as
a decision-supporting indicator that justifies further evaluation in
borderline cases. Clarification of its clinical value depends upon
multicentre, longitudinal studies of consecutive attenders employing
a reference standard external to spirometry.

--87--



Declaration

The authors declare no conflict of interest and received no
external funding for this work.

References

Abul, Y., & Ozii, T. (2013). Tirkiye'de KOAH
epidemiyolojisi [COPD epidemiology in Tiirkiye]. Giincel Gogiis
Hastaliklar1 Serisi, 1(1), 7-12.
http://ghs.asyod.org/Dosyalar/GHS/2013/1/8ccf869-6b48-4fdb-
adfd-97665f73c60e.pdf

Cetinkaya, F., Giilmez, 1., Aydin, T., Oztiirk, Y., Ozesmi, M.,
& Demir, R. (2000). Prevalence of chronic bronchitis and associated
risk factors in a rural area of Kayseri, Central Anatolia, Turkey.
Monaldi Archives for Chest Disease, 55(3), 189—-193.

Cockcroft, D. W., & Berscheid, B. A. (1980). Volume
adjustment of maximal midexpiratory flow: Importance of changes
in  total lung capacity. Chest, 78(4), 595-600.
https://doi.org/10.1378/chest.78.4.595

DeMeo, D. L., Carey, V. J., Chapman, H. A., Reilly, J. J.,
Ginns, L. C., Speizer, F. E., Weiss, S. T., & Silverman, E. K. (2004).
Familial aggregation of FEF25-75 and FEF25-75/FVC in families
with severe, early onset COPD. Thorax, 59(5), 396—400.
https://doi.org/10.1136/thx.2003.012856

Foo, J., Landis, S. H., Maskell, J., Oh, Y.-M., van der Molen,
T., Han, M. K., Mannino, D. M., Ichinose, M., & Punekar, Y. (2016).
Continuing to Confront COPD International Patient Survey:
Economic impact of COPD in 12 countries. PLoS ONE, 11(4),
e0152618. https://doi.org/10.1371/journal.pone.0152618

Gentry, S., & Gentry, B. (2017). Chronic obstructive
pulmonary disease: Diagnosis and management. American Family

--88--



Physician, 95(7), 433-441.
https://www.aafp.org/afp/2017/0401/p433.pdf

Global Initiative for Chronic Obstructive Lung Disease.
(2020). Global strategy for the prevention, diagnosis and
management of chronic obstructive pulmonary disease: 2020 report.
GOLD.

Graham, B. L., Steenbruggen, I., Miller, M. R.,
Barjaktarevic, 1. Z., Cooper, B. G., Hall, G. L., Hallstrand, T. S.,
Kaminsky, D. A., McCarthy, K., McCormack, M. C., Oropez, C. E.,
Rosenfeld, M., Stanojevic, S., Swanney, M. P., & Thompson, B. R.
(2019). Standardization of spirometry 2019 update: An official
American Thoracic Society and European Respiratory Society
technical statement. American Journal of Respiratory and Critical
Care Medicine, 200(8), e70—e88.
https://doi.org/10.1164/rccm.201908-1590ST

Green, M., Mead, J., & Turner, J. M. (1974). Variability of
maximum expiratory flow-volume curves. Journal of Applied
Physiology, 37(1), 67-74.
https://doi.org/10.1152/jappl.1974.37.1.67

Hangaard, S., Helle, T., Nielsen, C., & Hejlesen, O. K.
(2017). Causes of misdiagnosis of chronic obstructive pulmonary

disease: A systematic scoping review. Respiratory Medicine, 129,
63—84. https://doi.org/10.1016/j.rmed.2017.05.015

Kocabas, A., Atis, S., Copli, L., Erding, E., Ergan, B.,
Glirgiin, A., Koktiirk, N., Polath, M., Sen, E., & Yildirim, N. (2014).
Kronik obstriiktif akciger hastaligi (KOAH) koruma, tan1 ve tedavi
raporu [Chronic obstructive pulmonary disease (COPD) prevention,
diagnosis and treatment report]. Turkish Thoracic Society.
https://toraks.org.tr/uzman/kutuphane/1682

--80--



Litonjua, A. A., Sparrow, D., & Weiss, S. T. (1999). The
FEF25-75/FVC ratio is associated with methacholine airway
responsiveness: The Normative Aging Study. American Journal of
Respiratory and Critical Care Medicine, 159(5 Pt 1), 1574—1579.
https://doi.org/10.1164/ajrccm.159.5.9803063

Lopez-Campos, J. L., Tan, W., & Soriano, J. B. (2016).
Global burden of COPD. Respirology, 2I1(1), 14-23.
https://doi.org/10.1111/resp.12660

Mathers, C. D., & Loncar, D. (2006). Projections of global
mortality and burden of disease from 2002 to 2030. PLoS Medicine,
3(11), e442. https://doi.org/10.1371/journal.pmed.0030442

Mead, J. (1980). Dysanapsis in normal lungs assessed by the
relationship between maximal flow, static recoil, and vital capacity.
American Review of Respiratory Disease, 121(2), 339-342.
https://doi.org/10.1164/arrd.1980.121.2.339

Miller, M. R., Hankinson, J., Brusasco, V., Burgos, F.,
Casaburi, R., Coates, A., Crapo, R., Enright, P., van der Grinten, C.
P. M., Gustafsson, P., Jensen, R., Johnson, D. C., MacIntyre, N.,
McKay, R., Navajas, D., Pedersen, O. F., Pellegrino, R., Viegi, G.,
& Wanger, J. (2005). Standardisation of spirometry. European
Respiratory Journal, 26(2), 319-338.
https://doi.org/10.1183/09031936.05.00034805

Mirsadraee, M., Boskabady, M. H., & Attaran, D. (2013).
Diagnosis of chronic obstructive pulmonary disease earlier than
current Global Initiative for Obstructive Lung Disease guidelines
using a feasible spirometry parameter (maximal-mid expiratory
flow/forced vital capacity). Chronic Respiratory Disease, 10(4),
191-196. https://doi.org/10.1177/1479972313507461

--90--



Negewo, N. A., Gibson, P. G., & McDonald, V. M. (2015).
COPD and its comorbidities: Impact, measurement and mechanisms.
Respirology, 20(8), 1160-1171. https://doi.org/10.1111/resp.12642

Parker, A. L., Abu-Hijleh, M., & McCool, F. D. (2003). Ratio
between forced expiratory flow between 25% and 75% of vital
capacity and FVC is a determinant of airway reactivity and
sensitivity  to  methacholine.  Chest, 124(1),  63-69.
https://doi.org/10.1378/chest.124.1.63

Quanjer, P. H., Stanojevic, S., Cole, T. J., Baur, X., Hall, G.
L., Culver, B. H., Enright, P. L., Hankinson, J. L., Ip, M. S. M.,
Zheng, J., & Stocks, J. (2012). Multi-ethnic reference values for
spirometry for the 3-95-yr age range: The Global Lung Function
2012 equations. European Respiratory Journal, 40(6), 1324—1343.
https://doi.org/10.1183/09031936.00080312

Quanjer, P. H., Weiner, D. J., Pretto, J. J., Brazzale, D. J., &
Boros, P. W. (2014). Measurement of FEF25-75% and FEF75%
does not contribute to clinical decision making. European
Respiratory Journal, 43(4), 1051-1058.
https://doi.org/10.1183/09031936.00128113

Saryal, S., & Ulubay, G. (Eds.). (2018). Teknisyenlere
yonelik solunum fonksiyon testi el kitabi: Boliim I. Temel testler
[Handbook of pulmonary function testing for technicians: Part I.
Basic tests] (Toraks Kitaplar1 No. 24). Bilimsel T1p Yayinevi.

Smith, M. C., & Wrobel, J. P. (2014). Epidemiology and
clinical impact of major comorbidities in patients with COPD.
International Journal of Chronic Obstructive Pulmonary Disease, 9,
871-888. https://doi.org/10.2147/COPD.S49621

Swanney, M. P., Ruppel, G., Enright, P. L., Pedersen, O. F.,
Crapo, R. O., Miller, M. R., Jensen, R. L., Falaschetti, E., Schouten,
J. P., Hankinson, J. L., Stocks, J., & Quanjer, P. H. (2008). Using the

--01--



lower limit of normal for the FEVI/FVC ratio reduces the
misclassification of airway obstruction. Thorax, 63(12), 1046—1051.
https://doi.org/10.1136/thx.2008.098483

Tutar, N., Yesilkaya, S., Memetoglu, M. E., Ozel, D., &
Bosnak, E. (2013). Giimiishane il merkezinde yasayan erigkinlerde
kronik bronsit prevalansi [Prevalence of chronic bronchitis among

adults living in the city centre of Giimiishane]. Tiiberkiiloz ve
Toraks, 61(3), 209-215. https://doi.org/10.5578/tt.3070

Ulubay, G., Gorek Dilektash, A., Borekei, S., Yildiz, O.,
Kiyan, E., Gemicioglu, B., & Saryal, S. (2019). Turkish Thoracic
Society consensus report: Interpretation of spirometry. Turkish
Thoracic Journal, 20(1), 69—809.
https://doi.org/10.5152/TurkThoracJ.2018.180175

Uysal, A. (2013). KOAH'n tani, siniflama ve izleminde
solunum fonksiyon testlerinin yeri [The role of pulmonary function
tests in the diagnosis, classification and follow-up of COPD]. Giincel
Gogiis Hastaliklar1 Serisi, 1(1), 20-23.
http://ghs.asyod.org/Dosyalar/GHS/2013/1/1ccc9fc3-5aac-4571-
8bc7-adb74b01e83e.pdf

Wan, E. S., Castaldi, P. J., Cho, M. H., Hokanson, J. E.,
Regan, E. A., Make, B. J., Beaty, T. H., Han, M. K., Curtis, J. L.,
Curran-Everett, D., Lynch, D. A., DeMeo, D. L., Crapo, J. D., &
Silverman, E. K. (2014). Epidemiology, genetics, and subtyping of
preserved ratio impaired spirometry (PRISm) in COPDGene.
Respiratory Research, 15(1), 89. https://doi.org/10.1186/s12931-
014-0089-y

Welte, T., Vogelmeier, C., & Papi, A. (2015). COPD: Early diagnosis
and treatment to slow disease progression. International Journal of
Clinical Practice, 69(3), 336—349. https://doi.org/10.1111/ijcp.12522

--02--






