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Use of flow volume curve to evaluate large airway obstruction
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Abstract

The flow volume loop (FVL) is a graphic display of airflow
against lung volumes at different levels obtained during the maxi-
mum inspiratory and expiratory maneuver. It is a simple and repro-
ducible method of lung function assessment. A narrative review was
performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.
PubMed, EMBASE, Ovid MEDLINE and CINAHL databases were
queried and reviewed for studies pertinent to the various FVLs
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abnormalities and their mechanisms from January 2020 to
December 2020. We used the following search terms; flow-volume
loop, upper airway obstruction, Obstructive airway disease, and
spirometry. Assessing the shape of the flow-volume loop is partic-
ularly helpful in diagnosing and localizing upper airway obstruc-
tion. They are also helpful in identifying bronchodilator response to
treatment. Characteristic FVLs is also seen in patients with obstruc-
tive or restrictive lung disorders. Spirometry should be interpreted
using the absolute values for flows and volumes as well as the flow
volume and volume time curves.

Introduction

Hyatt and Black defined the maximum expiratory flow-vol-
ume (MEFV) curve as a plot of maximal expiratory flow against
volume while performing the FVC maneuver [1]. The term maxi-
mal FVL is used when maximal forced expiration and maximal
forced inspiration are obtained graphically. This loop is more use-
ful as it provides information about the inspiratory limb of the
FVL, therefore, can detect extrathoracic upper airway obstruction.
The 2005 American Thoracic Society/European Respiratory
Society guideline recommends examining the FVL for evidence of
intrathoracic or extrathoracic upper airway obstruction [2]. Tidal
flow-volume loop is obtained during the quite breathing maneu-
ver. Miller and Hyatt in a seminal study described the three dis-
tinct patterns of abnormalities in the FVL: variable extrathoracic,
variable intrathoracic, and fixed upper airway obstruction [3].

Methods

A narrative review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. In this narrative review PubMed,
EMBASE, Ovid MEDLINE and CINAHL databases were queried
and reviewed for studies pertinent to the various FVLs abnormal-
ities and their mechanisms from January 2020 to December 2020
with search terms viz; flow-volume loop, upper airway obstruc-
tion, Obstructive airway disease, and spirometry.

Normal physiology

The FVL is generated in real-time while performing the forced
vital capacity (FVC) and forced expiratory volume in one second
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(FEV)) test maneuvers. In the FVL, the volume is displayed on the
horizontal axis (X-axis) and the rate of airflow on the vertical axis
(Y-axis). Figure 1 is depicting the normal flow-volume curve.
Conventionally, the expiratory flow in the FVL is plotted upward
and the inspiratory flow is plotted downward. The procedure
involves the following steps: First, the subject is advised to take
tidal breathing for several breaths followed by a maximal inspira-
tion to total lung capacity (TLC). Then the subject is asked to pur-
sue a forced, quick maximal expiration to residual volume fol-
lowed by a rapid inhalation back to TLC. The subject may also be
asked to empty their lungs first, and then take in a quick full inspi-
ration, followed by a full expiration [4]. The procedure should be
repeated for a minimum of three maneuvers. Initially, a maximal
expiratory flow is obtained shortly after the onset of expiration
(exhalation of the first 25% of the vital capacity) [5], which are
called the peak expiratory flow (PEF). The flow can be increased
by an increased effort at this lung volume. The PEF is thus effort-
dependent and is expressed as liters per minute. The maximal flow
subsequently decreases with the reduction in lung volumes. This
part of the curve which occurs in the remaining 75% of the vital
capacity, is effort-independent as the flow cannot exceed the limit
of maximal flow despite greater effort [6]. The flow-limiting fea-
ture can be explained by the equal pressure point (EPP) theory. It
depends on pleural pressure, elastic recoil pressure, and airway
pressure. Airway pressure normally falls along the airway from the
alveolus to the mouth. Within the airways, there is a point where
pleural pressure equals the pressure within the airways. This point
is called the EPP [7]. Further downstream, the airway pressure falls
below the pleural pressure, resulting in a narrowed airway and the
development of flow-limitation. The elastic recoil pressure which
normally keeps the airways open during expiration, decreases with
a decreased lung volume, resulting in limitation of flow [8]. The
inspiratory limb is effort-dependent also. Vital capacity is meas-
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Figure 1. The normal flow-volume curve. FEV1, forced expiratory
volume in one second; VC, vital capacity.

ured by the distance between the start and the end of loops on the
x-axis. Two ratios are also calculated from the maximal flow-vol-
ume loop. These include the Mid-vital capacity ratio (FEFso/FIFs)
and Empey’s index. Empey’s index consists of the ratio of forced
expiratory volume in 1s (FEV,) and peak expiratory flow (PEF)
[9]. Empey’s index greater than 10 is suggestive of upper airway
obstruction [9]. In upper airway obstruction, peak flows are affect-
ed early, while the FEV1 is affected only at a later stage [5,10].
Thus, FEV| percent predicted may be normal. Abnormalities of the
contour of the FVL are more helpful in suggesting upper airway
obstruction. However, FVL has low sensitivity in detecting upper
airway obstruction as it becomes abnormal only after the tracheal
lumen is <8 mm (>80% tracheal narrowing) [10]. The sensitivity
and specificity of the FVL in detecting central airway obstruction
is 88.9% and 91.3% using the quantitative criteria and 30.6% and
93.5% using qualitative criteria respectively [11].

Upper airway obstruction

The airway may be divided functionally into the following three
levels based on location and diameter. The peripheral small airways
are 2 mm or less in diameter. The larger or major airways extend
from 2 mm diameter up to the main carina [12]. The upper airways
extend from the nose or mouth up to the carina. The upper or central
airways are further divided based on whether it is above or below the
thoracic inlet. The extrathoracic portion of the upper airways is
above the thoracic inlet, while the intrathoracic portion of the upper
airway extends from the carina to the thoracic inlet superiorly. The
thoracic inlet is situated at the level of the first thoracic vertebra and
is 1 to 3 cm above the suprasternal notch. The three patterns are
fixed obstruction, variable extrathoracic obstruction, and variable
intrathoracic obstruction. Several variables influence the effects of
the upper airway obstruction; the size of the airway at the site of the
obstruction, the location of the obstruction, the nature of the lesion,
and phase of respiration [12]. The central airway obstruction is clas-
sified into a fixed and variable obstruction [6]. It determines the
impact of transmural pressure on airway cross-sectional area during
the respiratory cycle. Transmural pressure is defined by the differ-
ence between the intratracheal pressure and the external pressure.
The external pressure is different at different locations. Figure 2 is
showing the various pressures acting over the upper airway.

In the case of extrathoracic upper airways, the external pres-
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Figure 2. The various pressures acting over the upper airway.
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sure is the atmospheric pressure, whereas, in the case of the
intrathoracic upper airway, it is the pleural pressure. A positive
transmural pressure (external pressure > intratracheal pressure)
tends to narrow the airways, whereas a negative transmural pres-
sure (external pressure < intratracheal pressure) tends to open the
airways [12]. In fixed obstruction, the airway lumen is relatively
resistant to changes in transmural pressure with maximum inspira-
tion and expiration, leading to a decreased flow equally during
both phases of the respiratory cycle irrespective of whether the
obstruction is extrathoracic or intrathoracic. The variable obstruc-
tions show changes in the airway lumen in response to changes in
transmural pressure differences generated during the respiratory
cycle. Therefore, the lesions narrow and the flow decreases exces-
sively during one or the other phases of respiration. In patients
with upper airway obstruction, reduction of flow mainly occurs in
high lung volumes whereas, in COPD, reduction of flow mainly
involves the effort-independent part [13] (Table 1).
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Figure 3. The mechanisms of variable extrathoracic upper airway
obstruction. The extrathoracic trachea is exposed to the compres-
sive force of atmospheric pressure. During a forceful inspiratory
maneuver, the intratracheal pressure becomes significantly lower
than the atmospheric pressure. This narrows the airways during
inspiration. This explains the presence of plateau on the inspira-
tory limb of the flow volume loop. During forced expiration,
intratracheal pressure becomes markedly positive and exceeds the
surrounding atmospheric pressure, thereby reduces the obstruc-
tion. Ptr, tracheal pressure; Ppl, pleural pressure.

Table 1. The features of upper airway obstruction.

Upper airway above Nil
the sternal notch

Flattening/ truncation

Upper airway below
the sternal notch

Flattening/ truncation Nil

Variable extrathoracic obstruction

The extrathoracic upper airway lesion is above the supraster-
nal notch. In patients with a variable extrathoracic obstruction,
there is flattening or truncation of the inspiratory limb of the
flow-volume loop with a significant reduction in inspiratory
flow. The expiratory limb is relatively normal. The FEV] is also
significantly greater than the FIV, and the mid-vital capacity
ratio (FEFso/FIFs) is higher than one [5]. The obstruction occurs
in the inspiratory phase. This pattern is most commonly caused
by vocal cord paralysis, vocal cord neoplasm, extrathoracic goi-
ter, tracheomalacia, and tumors in the neck [14]. However, an
abnormal inspiratory curve may occur on routine spirometry due
to a poor inspiratory effort [15]. The FVL in bilateral vocal cord
paralysis also shows an amputated peak expiratory flow, an expi-
ratory plateau, and flow oscillations along with flattening or trun-
cation of the inspiratory limb [16]. Bahrainwala et al. reported a
unique pattern of FVL abnormalities in asthmatics with VCD.
There were a sudden decrease and rise in expiratory flow and on
laryngoscopy, there is adduction followed by the abduction of the
vocal cords during mid-expiration [17].

Mechanisms

The extrathoracic trachea is surrounded by the atmosphere,
thereby is exposed to the compressive force of atmospheric pres-
sure. During a forceful inspiratory maneuver, the intratracheal
pressure becomes significantly lower than the atmospheric pres-
sure. Moreover, due to Bernoulli’s effect, intraluminal pressure
falls further associated with an accelerated flow as air moves past
the obstruction towards the alveoli. The decreased intraluminal
pressure further narrows the airways during inspiration. This
explains the presence of plateau on the inspiratory limb of the
FVL. During forced expiration, intratracheal pressure becomes
markedly positive and exceeds the surrounding atmospheric pres-
sure, thereby reduces the obstruction. Figure 3 is showing the
mechanisms of variable extrathoracic upper airway obstruction.
Therefore, in patients with extrathoracic variable upper airway
obstruction, obstruction manifests during inspiration resulting in
the development of plateau on the inspiratory limb. Figure 4 is
showing the FVL pattern of variable extrathoracic upper airway
obstruction.

Variable extrathoracic
upper airway obstruction

Vocal cord paralysis, vocal cord neoplasm,
extrathoracic goiter, tracheomalacia, and tumors
in the neck

Variable intrathoracic Tracheal tumors, tracheobronchomalacia,
upper airway obstruction Wegener granulomatosis, and relapsing
polychondritis

Extrathoracic
or intrathoracic

Flattening/ truncation Flattening/ truncation

Fixed upper airway
obstruction

Tracheal stenosis, tumors at any level of upper
airways causing fixed obstruction
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Variable intrathoracic obstruction

Variable intrathoracic obstruction is generally due to malignant
causes, whereas the variable extrathoracic obstruction is usually
due to benign causes [5,18]. The FVL in variable intrathoracic air-
way obstruction is characterized by flattening or truncation in the
expiratory limb. The inspiratory limb is normal [19]. The plateau
in expiration may occur after an initial spike and a slope may be
seen in the terminal effort-independent part. However, in COPD
patients, expiratory flow decreases throughout the entire FVC [3].
Miller and Hyatt also described a pattern of double hump during
expiration. It may occur if the narrow areas of the airways move
from an intrathoracic location to an extrathoracic location during
later of part of the forced vital capacity maneuver. The selective
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Figure 4. The flow volume loop pattern in variable extrathoracic
upper airway obstruction.
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Figure 5. The mechanism of variable intrathoracic upper airway
obstruction. During forced inspiration, the negative pleural pres-
sure pulls the airway outward and reduces obstruction. However,
during forced expiration, the intrapleural pressure becomes
markedly positive and greater than the intratracheal pressure,
resulting in compression of the obstructed segment. It causes
truncation of the expiratory limb of the flow volume loop.

reduction in expiratory flow causes the mid-vital capacity ratio
(FEFs¢/FIF50) to become less than 0.3 [5]. The FEV;, is also signif-
icantly lower than the FIV,. Various causes of variable intratho-
racic obstruction are tracheal tumors, tracheobronchomalacia,
Wegener granulomatosis, and relapsing polychondritis.

Mechanisms

The intrathoracic upper airway is surrounded by pleura and is
influenced by pleural pressure (Ppl). Transmural pressure of the
intrathoracic upper airway is determined by the Ppl and intra-tra-
cheal pressure (Ptr). During forced inspiration, the negative pleural
pressure pulls the airway outward and reduces obstruction.
Therefore, the inspiratory limb is normal. However, during forced
expiration, the intrapleural pressure becomes markedly positive
and greater than the intratracheal pressure, resulting in compres-
sion of the obstructed segment. The narrowing is further augment-
ed by the development of venture effect and turbulency cephalad
to the obstruction [20]. The plateau suggests a constant flow
through the narrow segment which has achieved its minimal size.
Figures 5 and 6 are showing the mechanism and FVL pattern of
variable intrathoracic upper airway obstruction.

Fixed upper airway obstruction

Fixed upper airway obstruction is relatively resistant to trans-
mural pressure changes. It manifests as a constant degree of
obstruction during the respiratory cycle irrespective of the location
within the airways. The fixed lesion can be extrathoracic or
intrathoracic. The most common examples are stricture due to pre-
vious endotracheal intubation [5]. A fixed lesion is characterized
by the truncation or flattening of both inspiratory and expiratory
limbs of the FVL. In fixed obstruction, the airway diameter at the
site of the narrowed segment remains unaltered during both inspi-
ration and expiration as the transmural pressure changes do not
affect the airway caliber at the site of the stenosis. Plateau on the

VOLUME (L)

Figure 6. The FVL pattern of variable intrathoracic upper airway
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expiratory limb is seen near the effort-dependent portion (near
TLC) with little change near RV. The inspiratory limb shows a
plateau around 50% of vital capacity [3]. The flattening of both the
inspiratory and expiratory limb is known as the “box pattern.” The
mid-vital capacity ratio (FEFso/FIFs) is around one. The plateaus
may show rapid oscillations due to turbulency. Figures 7 and 8 are
showing the mechanism and FVL pattern of fixed upper airway
obstruction.

Flow volume loop in unilateral main-stem
obstruction

Unilateral main-stem bronchial obstruction can occur in many
conditions and shows a typical biphasic flow-volume loop. Various
physiological abnormalities of unilateral main-stem bronchial
obstruction have been described in the literature. Gelb et al. pub-
lished the FVL abnormalities of 11 patients with unilateral, main
stem bronchial obstruction before and after treatment with Nd-
YAG laser or surgical resection [21]. The FVL pattern in three
patients with associated emphysema showed an upward concavity
on the expiratory limb; a pattern consistent with obstructive airway
disease both before and after treatment. The FVL in the other eight
patients showed a restrictive ventilator pattern with a normal slope
of the expiratory limb. After laser or surgical treatment, all patients
demonstrated improvement in the FVLs. Therefore, the predomi-
nant pattern in Gelb et al. series was restrictive pattern. Gascoigne
et al first demonstrated the characteristic bi-phasic flow-volume
loop in two patients with unilateral mainstem bronchial obstruction
[22]. They reported the presence of an end-inspiratory tail in the
inspiratory limb and a biphasic shape in the expiratory limb. The
biphasic component includes a normal initial curvature and a
straight-line appearance in the later part of expiration. Anzueto et
al. reported similar biconcave pattern in a patient who developed
bronchial stenosis after single lung transplantation [23]. Neagos et
al. observed another feature of unilateral main-stem bronchial

INSPIRATION EXPIRATION
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Figure 7. The mechanism of fixed upper airway obstruction. In
fixed obstruction, the airway diameter at the site of the narrowed
segment remains unaltered during both inspiration and expira-
tion. It causes truncation of both the limbs of flow volume loop.

obstruction developed after single lung transplant in patients with
severe emphysema [24]. Flattening or plateau was seen in the early
part of the expiratory loop of the flow-volume curve. Figure 9 is
showing the biconcave pattern of FVL.

Mechanism of biconcave pattern

The biphasic pattern in unilateral obstruction of the main
bronchus can be explained by the “two compartments™ hypothesis

stplﬂmon

INSPIRATION

Figure 8. The flow volume loop pattern of fixed upper airway
obstruction.
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Figure 9. The biconcave flow volume loop pattern of unilateral
main stem bronchus obstruction.
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[25]. The two compartments are the native lungs which may be
diseased also and the transplanted lungs. They have different res-
piratory time constants. The two compartments of the lungs show
asymmetric filling and emptying. The native lung will fill and
empty more rapidly than the transplanted lung with main-stem
bronchial stenosis. Therefore, the initial portion of the FVL repre-
sents air movement from and to the native lungs and the later por-
tion are from the transplanted lung. The air movement from the
transplanted lung is slower which explains the long flat tail on the
inspiratory and expiratory limb [23]. Inspiratory tail is characteris-
tic of unilateral mainstem bronchial obstruction as in condition of
generalized airway obstruction, inspiratory tail does not occur
[22]. The bi-phasic flow-volume loop has been reported in the fol-
lowing conditions: granulomatosis with polyangiitis, single lung
transplantation, developmental cartilaginous ridge, Macleod’s syn-
drome, sarcoidosis, tracheobronchomalacia, bronchogenic carci-
noma and amyloidosis [22,26-28].

Flow oscillations or saw-tooth appearance

The saw-tooth sign is seen in patients with obstructive sleep
apnea and Parkinson’s diseases [29,30]. Sander ar al. first
described this sign in awake patients with upper airway obstruction
associated with obstructive sleep apnea syndrome (OSA) [29].
Saw-tooth sign is characterized by regular oscillations in either the
forced inspiratory or forced expiratory limb of a maximal flow-
volume loop. The saw-tooth pattern was defined as three or more
consecutive peaks and troughs occurring at regular intervals of no
greater than 300 cm?, during the middle half of the vital capacity
on spirometry. Vincken [31] on the other hand defined “saw-tooth”
pattern as a sequence of alternating decelerations and accelerations
of flow superimposed on the general contour of the flow-volume
loop produced by an awake subject that is reproducible. It can
involve both the inspiratory and/or expiratory limb of the flow-vol-
ume loop, irrespective of forced or tidal respiration. Several mech-
anisms have been proposed for the occurrence of saw-tooth pattern
or flow oscillations: Intermittent changes in driving pressure due to
abnormal phase activity of respiratory pump muscles, Changes in
airway resistance, and abnormal phasic activity of the upper air-
way muscle [31,32]. Flow oscillations have been reported in
obstructive sleep apnea syndrome, structural or functional disor-
ders of the larynx, or neuromuscular diseases, and tracheobron-
chomalacia [31,33].

EXPIRATORY FLOW
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Flow volume curves in peripheral airway obstruction

Pathophysically, COPD is characterized by lung hyperinflation
resulting from expiratory flow limitation (EFL). The EFL occurs
due to airway obstruction and parenchymal destruction resulting in
reduced elastic recoil of the lungs [34]. Reduced elastic recoil
force leads to a decrease in expiratory flow and a higher than nor-
mal functional residual capacity (FRC). EFL causes air trapping
and decreases the volume available for tidal expansion [35]. The
FVLs in COPD typically show a decrease in the peak flow rate and
upward concavity (curvilinearity) of descending limb of the expi-
ratory curve. The loss of linearity is related to the severity of
obstruction. The concavity of the expiratory limb is upward direct-
ed. Some COPD patients show biphasic morphology of the expira-
tory limb of FVL which is characterized by a low peak flow rate
followed by a rapid fall in expiratory flow rate at a high lung vol-
ume and a plateau of low flow for the remaining phase [36-38].
Jayamanne et al. designated this pattern as a type-1 curve with the
following features: an abrupt decrease in flow rate from peak flow
to an inflection point [38]. The inflection point occurs at less than
50% of the peak flow rate. The inflection point occurs within the
first 25% of expired vital capacity. The inspiratory limb of the
curve is normal. This pattern is called the airway collapse pattern
and is determined by the presence of dynamic airway collapse and
loss of elastic recoil in patients with COPD. COPD patients with
this pattern show a higher RV and FRC than patients with curvilin-
ear pattern indicating more severe hyperinflation [39]. Jayamanne
et al. also demonstrated the reversibility of airway collapse pattern
in few patients which may be due to a reduction in central or
peripheral airway resistance or an increase in lung elastic recoil, or
any combination of these [38]. Diagnosis of upper airway obstruc-
tion in presence of COPD is often difficult. In the presence of
severe COPD, FVL may not reveal even significant tracheal steno-
sis. Moreover, FEV| is a poor indicator of large airway obstruction.
Even variable intrathoracic upper airway obstruction is difficult to
diagnose in patients with COPD as both can cause expiratory flow
changes. However, in upper airway obstruction, the FVL becomes
abnormal at high lung volume [40]. Figures 10 and 11 are showing
the FVL patterns of COPD.

CURVILINEARITY/CONCAVITY ON EXPIRATORY LIMB

— - e e o o o d

Figure 10. The flow volume loop pattern of COPD. There is a
sharp decrease in expiratory curve with inflection point (arrow).

Figure 11. The flow volume loop pattern of COPD. There is
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Restrictive ventilatory defect

Restrictive ventilatory disorders can be parenchymal (intersti-
tial lung disease) or extraparenchymal (musculoskeletal disorders,
obesity, efc.). Pathophysiologically, restrictive lung disorders are
characterized by low lung volumes (increased TLC and VC) and
an increased in lung elastic recoil with preserved or relatively
enlarged airway dimensions. In the early stage of interstitial lung
disease, the FVL may show abnormality even before the lung vol-
umes are decreased [41]. The increased elastic recoil forces
increase the initial exhaled airflow, resulting in a normal or
increased PEF. Subsequently, the PEF is reduced as the exhaled
lung volumes also decrease. The width of the FVLs is also reduced
and the slope of the descending limb of expiratory loop also
becomes steeper, resulting in a tall and narrow loop. It occurs due
to an increase in the elastic recoil of the lung resulting in a super
maximal expiratory airflow. However, in severe restriction, the
FVLs become a miniature of the normal curve. This appearance of
the curve in interstitial lung disease is called a witch’s hat appear-
ance. In chest wall restriction, PEF is decreased as the elastic recoil
of the lung is normal. The slope of the curve is parallel to the pre-
dicted curve; making it a miniature of normal curve. Figure 12 is
showing the FVL pattern of restrictive ventilatory defect.

Neuromuscular disorders produce a delayed, reduced and round-
ed peak and the curve looks convex in shape. Forced expiratory flow
may show a sudden drop at end-expiration and the maximal inspira-
tory flow-volume curve may also show a flattened shape. Flow
oscillations are also seen [42]. Flow oscillations can be due to vocal
cord tremor or fasciculation of upper-airway muscles. Vincken et al.
reported these abnormalities significantly more often in patients with
neuromuscular disorders and bulbar muscle involvement than in
those without bulbar muscle involvement [43].

Flow

.
-

Volume

Figure 12. The flow volume loop pattern of restrictive ventilatory
defect.

Knee pattern

The knee pattern is characterized by a convex inflection on the
expiratory part of the FVL [44]. The knee pattern is a normal vari-
ant and is thought to be more common in non-smokers, especially
young women [45]. The prevalence of the knee pattern declines
with age, but it is more likely to persist in women [46]. Mead ef al.
hypothesized that knee pattern occurs due to the equal pressure
point present in the lower trachea that limits the PEF causing a flat-
ter slope just after the peak flow [47]. With aging and subsequent
loss of lung parenchymal elastic recoil, the equal pressure point
moves distal resulting in the disappearance of the knee pattern.
Figure 13 is showing the FVL of knee pattern.

Indices of upper airway obstruction

1. Mid-vital capacity ratio (FEFso/FIFs)

2. Empey’s index

FEV, (ml)/PEF (L/min)

Empey’s index greater than 10 is suggestive of upper airway
obstruction.

Variable intrathoracic upper airway obstruction: FEFso/FIFs, <0.3
Variable extrathoracic upper airway obstruction: FEFso/FIFsy >1
Fixed upper airway obstruction: FEFso/FIFs,=1

Conclusions

The flow-volume loop is a simple, easily available, and non-
invasive test of lung function. Recognition of various patterns of
FVL may help in identifying upper airway obstruction, peripheral
airway obstruction, and restrictive ventilatory disorders. Upper air-
way obstructions are often misdiagnosed and mistreated as asthma
and COPD. Recognizing these abnormalities may prevent delay in
diagnosing upper airway obstruction. Detecting the change in the
contour of the FVL should be assessed along with various quanti-

+—"Knee"

U

Figure 13. The flow volume loop of knee pattern.
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tative indexes in order to improve the sensitivity and specificity of
the FVL in diagnosing upper airway obstruction. FVL also helps to
identify the technical quality of the spirometry examination. FVL
should be routinely assessed in the pulmonary function laboratory.
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