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Introduction: The desat max of 2-chair test, claimed to have identified the sildenafil responsiveness in COPD-PH (pulmonary 
hypertension), should represent high PVR (pulmonary vascular resistance).
Methods: Hemodynamically diagnosed PH in CLD (chronic lung disease)-patients were analyzed statistically and divided into two 
groups on high or low PVR (>2 and ≤2 Wood units) to judge the power of the desat-max of 2-chair test differentiating them. Co- 
relationship of desat-max was sought with different spirometric, Doppler-echocardiographic, and RHC (right heart catheterization) 
derived parameters as TPG (trans-pulmonary gradient), PVR, mPAP (mean pulmonary pressure) and PCWP (pulmonary capillary 
wedge pressure). Further, the specificity and sensitivity of variable desat-max values were calculated and high PVR and a VIP plot was 
drawn with all available variables to see their impact on PVR compared to desat-max.
Results: We included 57 patients of CLD-PH consisting of COPD (n=26), chronic asthma (n=9), ILD (n=7), and miscellaneous diseases 
(n=15). When divided on high or low PVR, the two groups (n=39 and 18) stood similar in demographic, spirometric, and Doppler- 
echocardiography measurements. However, they differed in desat-max (−8.76±4.90 and −3.61±1.94; P<0.0001) and in RHC derived mean- 
PVR (4.25±2.97 vs 1.20±0.53; P<0.0001), mean-TPG (12.86± 4.84 vs 5.11±2.78; P<0.0001), cardiac output (3.77±1.07 and 4.29±1.15; 
P=0.02). The calculated best cut-off desat-max (>4.5%) could identify high PVR with 72.22% sensitivity and 79.40% specificity with 
adjusted odds ratio of 19.55. The desat-max correlated best with RHC-measured PVR (r=0.56) but not with PCWP (r=0.09).
Conclusion: Desat-max of 2-chair test appears indicative of high PVR in CLD-PH. The revelation merits further research.
Keywords: 2-chair test, maximum desaturation, pulmonary arterial pressure

Introduction
Pulmonary hypertension (PH) is defined by mean PAP (pulmonary artery pressure) of 20 mmHg, or PVR of >2.0 Wood unit.1 

Group-3 PH are those derived from chronic lung diseases (CLD).2 Several lung diseases are incriminated to cause variable 
degree of PH as COPD, ILD, sarcoidosis and others.2 COPD is the most frequent diagnosis in group-3 PH.3,4 Physiologically, 
there is either chronic hypoxemia from hypoventilation (OSA) or a jeopardy of lung function through chronic airflow 
obstruction (COPD), or parenchymal restriction (ILD) or both combined pulmonary fibrosis and emphysema (CPFE). PH 
can evolve in COPD/CLD either from a primary pulmonary circulatory impairment as it happens in pulmonary artery 
hypertension (PAH), or secondary to structural and functional perturbation from a chronic lung disease. The former (rare in 
frequency), keeps the lung-functions relatively preserved while in the later (commonly encountered), there is a gross reduction 
in lung function. The presence of PH in COPD or any chronic lung disease implies a compromise in functional capacity, 
quality of life, and survival prospects.5,6
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The PH in CLD is essentially a precapillary but its complexities are far from clear and despite several pulmonary 
vasodilators available, there is no recommendation favouring their use in CLD-PH. The impression applies to PH from 
both airway and parenchymal lung diseases except the recent revelation of the positive role of inhaled treprostinil in ILD-PH.7

CLD-PH may coexist with group-II and group-IV pulmonary hypertension. The pathogenesis of CLD-PH results from 
both general and individual disease specific characteristics where the lung disease induced hypoxemia8 and the pulmonary 
vascular endothelial dysfunction appears important.9 Other mechanisms as constriction or loss of pulmonary vascular bed, 
compression of alveolar vessels, and occasional polycythaemia can play in genesis of PH. While the knowledge of CLD-PH is 
evolving, there is unanimity of opinion regarding the deleterious effects of PH on functionality, quality of life, life expectancy, 
and the indication of oxygen therapy.3 The right heart catheterization (RHC) remains the gold standard test to confirm PH 
although clinical, radiological, and echocardiographic exercises can help to offer a screening diagnosis. The pulmonary 
vascular resistance (PVR) acts as the important marker in PH to understand the presence of precapillary PH/pulmonary 
vascular remodeling and it displays crucial diagnostic and prognostic value with therapeutic implications.10 The appreciation 
of PVR (trans-pulmonary gradient; TPG/cardiac output) is only possible through right heart catheterization. Until date, there is 
an unmet need for a good but simple and objective noninvasive or clinical marker of high PVR.11,12

Due to the incapability to perform RHC, the authors observed that the patients with CLD-PH show postexercise 
desaturation that led them to evolve the 2-Chair Test (2CT), an assessment tool of measuring postexercise cardiopul
monary recovery response.13 They further observed and subsequently hypothesized that desat-max or maximum 
desaturation in 2CT is useful to appreciate responders to vasodilators in COPD-PH with poor WHO functional 
status.14 The concept was endorsed hemodynamically in a small number of patients.15 However, further hemodynamic 
validation of the endorsement was essential to justify the role of this desat-max, a PERR (postexercise recovery response) 
parameter to demonstrate its ability to identify precapillary pulmonary hypertension or PVR. The present manuscript 
depicts the efforts in the direction of identifying the relationship of desat-max (derived from 2CT) with PVR derived 
from RHC to address the unmet need of a noninvasive biomarker of increased PVR.

Methods
The protocol was approved by the independent Ethics Committee of the Institute of Pulmocare and Research (DCGI 
registration no. ECR/159/Inst/WB/2013/RR-20). The study was conducted complying to ethical principles for medical 
research involving human subjects of the Declaration of Helsinki. The subjects were recruited from the outpatient 
department of the institute on written informed consents. We selected willing patients with chronic lung disease(CLD) as 
defined by the National Cancer Institute.16 The confirmation of their lung disease was performed through spirometry, 
HRCT chest and other necessary evaluations as per our institutional algorithm and the final diagnosis with inclusions 
were independently decided by the investigating pulmonologist on a defined protocol.14,17

The screening diagnosis of PH was done according to the clinico-radio-echocardiographic protocol of the institute17 

followed by confirmation through RHC. We integrated the 2CT in the evaluation because it evolved as an effort to denote 
our observation of an overt postexercise desaturation uniformly in patients with CLD-PH. In our observation, CLD-PH 
patients with high (>3%) desaturation (desat-max) in the postexercise period had responded to pulmonary vasodilators.14 

The phenomenon appeared hemodynamically endorsed on RHC in a small number of patients where we found higher 
desat-max associated with higher PVR.15 Since RHC was part of another project, we included the 2CT in the exercise to 
demonstrate further an association of desat-max of 2CT to RHC derived PVR. The exclusion included sick patients, age 
less than<45 and >75 years, active smoking, suspicion of any malignancy or pulmonary thromboembolism, history of 
recent exacerbations (with 6 weeks), active or recent lung infection, any active systemic disease, contraindications or 
unwillingness for evaluation with spirometry or echocardiography or RHC, and 2-chair test. A desat-max of <3%, and 
the revelation of disproportionately high PA pressure or no PH on RHC were included in exclusion criteria.

2-Chair Test
All the included patients underwent the 2CT.13 Similar to the 6-minutes’ walk test (6MWT), the 2-chair test also includes 
a sub-optimal exercise. The novelty of the test lies in its nature of assessment of the cardiopulmonary specific postexercise 
recovery response measured through change in pulse rate and arterial oxygen saturation unlike the 6MWT that counts the 
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distance walked or the exercise capacity. The maximum desaturation (indicated as “desat-max”) derived of the 2-chair test 
correlates to the sickness of a patient18 and a high desat-max (>3%) appeared useful in CLD-PH to guide vasodilator 
therapy.14,15 This encouraged us to further explore its quality to identify raised PVR in CLD-PH.

We collected the 2CT result for each patient on a software. However, we included those with desat-max of >3% based 
on our previous experience.14,15 The sample size was calculated form our previous experience15 that necessitates 
inclusion of 22 patients for a power of 99% using the Cohen’s formula. Incidentally, we could include a much higher 
number (n=57) of patients in our observation.19

Echocardiography
A single expert performed the Doppler-echocardiography on a protocol for all the patients with clinico-radiological 
suspicion of PH remaining blind about the purpose of the research. The tests included understanding of left ventricular 
(LV) function (LV ejection fraction, regional wall motion abnormality, presence of systolic and diastolic LV dysfunction) 
and right ventricular (tricuspid annular plane systolic excursion; TAPSE) functions, and the measurement systolic 
pulmonary arterial pressure (sPAP). The mean PAP (mPAP) was derived by using the regression formula 
(mPAP= 0.61*sPAP+ 2 mmHg)20 and the early mitral flow velocity/early mitral annular velocity (E/e’) was considered 
to represent the left ventricular filling pressure (LVFP) an important marker of left ventricular diastolic dysfunction 
(LVDD).21,22 The candidates with heart failure with reduced ejection fraction (HFrEF) or any regional wall motion 
abnormality and valvular heart disease were excluded from the study.

Right Heart Catheterization (RHC)
The RHC was conducted within 48 hours of echocardiography through a venous cannulation depending upon the 
operator’s preference. It helped to directly measure the mean pressure (systolic, diastolic and end-diastolic) at right 
atrium, right ventricle, and the pulmonary artery. The wedge pressure was noted using an inflated Swan–Ganz 
balloon tipped catheter following standard procedural protocols.23 The oxygen saturation was computed from 
pulmonary artery (PA), right ventricle (RV), right atrium (RA), superior vena cava (SVC), inferior vena cava 
(IVC). The oxygen consumption was calculated by the Dehmer formula where the estimated VO2 (oxygen 
consumption) equals to 125 × body surface area (BSA).24 The measurement of BSA was done by including body 
weight (kg) and height (cm) in the calculation.25 The cardiac output was measured using Fick’s principle.24 The 
TPG was calculated by subtracting the PCWP from the mean pulmonary artery pressure (mPAP) values and the PVR 
was calculated by dividing the TPG with cardiac output.26

Statistical Analysis
The Graphpad Prism-7 software was used for statistical comparison between the groups (ie PVR>2 and PVR<2 Wood 
unit) using unpaired t-test. The normality and lognormality were checked using the D’Agostino–Pearson test using the 
software. The t-test was then computed using Wilcoxon test, for the data failing to pass the normality testing. The 
desat-max on qualifying with significant difference (P≤0.0001) was decided to be used to calculate the sensitivity and 
specificity of its variable cut-off levels to identify the high PVR through computing a receiver operating characteristic 
(ROC) curve. Further, to appreciate the relative contribution of all the different but related (demographic, spirometric, 
echocardiographic, and hemodynamic) parameters for high PVR, the co-relationship of these parameters with desat- 
max was looked for using the Pearson coefficient and a VIP plot was drawn using the free version of Metaboanalyst 
(version-6) software. Finally, a forest plot was drawn with the adjusted odds ratios (ORs) with the parameters that 
proved significant to differentiate the high vs low PVR.

Results
Out of the 57 cases evaluated with RHC, 39 patients had PVR≥2 Wood units. The demographic, clinical, spirometric, 
2-chair test, echocardiographic and hemodynamic parameters are observed in them (Table 1).
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Table 1 Comparison of Demography, Spirometry and Hemodynamic 
Characteristics

PVR >2 (n=39) PVR ≤ 2 (n=18) P-value

Demography

Age 61.51±9.74 64.94±4.82 0.16

M:F 30:9 13:5

BMI 24.43±5.45 24.57±3.47 0.46

2-CT

Max PR 22.43±8.70 20.88±8.51 0.59

Desat max −8.76±4.90 −3.61±1.94 <0.0001*

Diagnosis (chronic lung disease)

COPD 15 11

Asthma with loss of reversibility 6 3

DPLD 7 0

Miscellaneous 10 5

Common comorbidities

Hypertension 22 (56.41%) 16 (88.88%) 0.007*

Diabetes mellitus 11 (28.20%) 4 (22.22%) 0.003*

Ischemic heart disease 8 (20.51%) 4 (22.22%) 0.07

Hypothyroidism 7 (17.94%) 2 (11.11%) 0.02*

Past history of tuberculosis 4 (10.25%) 2 (11.11%) 0.42

Spirometric parameters

FVC 63.81±18.11 63.68±10.15 0.97

FEV1 51.59±24.90 49.62±16.00 0.77

FEV1/FVC 0.62±0.20 0.59±0.15 0.59

FEF25-75 42.81±44.49 23.06±15.57 0.54

Echocardiographic parameters

Sys PAP 54.13±8.78 52.11±4.09 0.47

mPAP 35.56±5.44 34.31±2.53 0.47

Cal. TPG 21.35±6.04 18.73±6.24 0.22

LVEF 62.10±3.11 60.82±4.94 0.63

TAPSE 21.41±2.97 22.66±3.19 0.16

E/e’ 10.74±3.20 11.48±3.35 0.46

Cal. PCWP 14.84±4.53 15.27±5.36 0.77

TR-jet velocity 3.34±0.32 3.24±0.17 0.36

(Continued)
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The desat-max can discriminate the two groups significantly (P<0.0001) along with other parameters including the 
PVR. Thus, the PVR was chosen to compute ROC curves to find the best and the variable cut-off values of desat max for 
discrimination high from normal PVR (Table 2).

Further, VIP and score plots (Figure 1A and B) elaborate the relative importance of the different parameters in 
contributing to high PVR (Figure 1A) and the overlap between the two groups (Figure 1B).

Furthermore, when calculated, it was found that the univariate OR for PVR is 10.08 (95%CI: 2.636–35.66) 
with desat-max of >4 and <=4 (Figure 2). The two significant RHC-derived hemodynamic parameters (mean-PAP 
and cardiac output) and the desat max with a cut-off of 4% differentiating the high or low PVR were computed 
for their univariate (Figure 2A) and adjusted (Figure 2B) ORs and displayed as forest plots in (Figure 2A and B).

The correlation between desat max with different spirometry and hemodynamic parameters are given Figure 3.

Table 1 (Continued). 

PVR >2 (n=39) PVR ≤ 2 (n=18) P-value

Right heart catheterization derived parameters

PCWP 16.64±5.01 18.72±3.99 0.05*

PVR 4.25±2.97 1.20±0.53 <0.0001*

Sys PAP 47.05±15.46 37.22±7.27 0.004*

mPAP 31.71±11.94 23.83±4.60 0.002*

TPG 12.86±4.86 5.11±2.78 <0.0001*

CO 3.77±1.01 4.29±1.15 0.02*

Notes: Comparing the demographic, spirometric, echocardiographic and hemodynamic parameters 
through RHC in the two groups of patients with high (≥12 mmHg) and normal PVR . *The hemody
namic parameters derived from RHC and desat max were statistically significant between the two 
groups with P-value <0.05. 
Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in the first one second; 
FEF25-75, forced expiratory flow between the 25 and 75% of the forced vital capacity; PAP, pulmonary 
artery pressure; TPG, transpulmonary gradient; LVEF, left ventricular ejection fraction; TAPSE, tricuspid 
annular systolic plane excursion' E/e΄, early mitral flow velocity/early mitral annular velocity; PCWP, 
pulmonary capillary wedge pressure; TR-jet, tricuspid regurgitate jet; PVR, pulmonary vascular resis
tance; CO, cardiac output.

Table 2 Demonstration of Effective Cut-offs for Desat Max Derived 
from ROC

Identification of High >2 Wood Unit PVR from Desat-Max Cut-offs

Desat max value Sensitivity Specificity PPV NPV

3.5 38.89% 87.18% 58.3% 75.5%

4.5 72.22% 79.49% 57.89% 86.11%

5.5 72.22% 66.67% 50% 66.66%

6.5 100% 56.41% 51.42% 100%

7.5 100% 53.85% 50% 100%

Notes: Denotes the efficiency of variable cut-offs of desat-max for discriminating high 
pulmonary vascular resistance (PVR) (>2 Wood units) from normal (≤2 Wood units) PVR.
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Discussion
The two groups of CLD-PH with or without high PVR had similar baseline demographic, clinical, and spirometry 
characteristics (Table 1). Interestingly, the desat-max was found to differ significantly (−8.76±4.90 vs −3.61 ±1.94; 
P-value <0.0001) between the groups.

On right heart catheterization, the difference was significant in systolic-PAP (47.05±15.46 vs 37.22±7.27, P=0.004), 
mean PAP (31.71±11.94 vs 23.83±4.60, P=0.002), TPG (12.86±4.86 vs 5.11±2.78, P=<0.0001) and PVR (4.25±2.97 vs 
1.20±0.53, P=<0.0001) (Table 1). However, on echocardiography, the systolic-PAP, m-PAP (calculated) but not the TPG 
show difference as significant.

Out of the hemodynamic parameters, the desat-max correlates best to the PVR (r=0.56; P=0.0001) (Figure 3). The 
calculated specificity and sensitivity of different cut-offs for desat-max (Table 2) displays the best acceptable value to be 
around 4%. With desat-max of >4 and <=4, the adjusted odds ratio of 19.55 appears impressive and a novel marker for 
the presence of raised PVR (Figure 2).

The PVR represents the resistance in the precapillary pulmonary circuit that imparts the majority of PH in CLD in our 
present series. Precapillary pulmonary hypertension is amenable to the action of the vasodilators.10 Our revelation stands 
novel with prospect of enormous applicability. It explains and justifies the role of desat-max in deciding the use of 
pulmonary vasodilators for COPD-PH patients with poor functional WHO class earlier.14,15 Other parameters associated 
with understanding precapillary PH as mean-PAP, TPG, do demonstrate similar but less strong association with desat- 
max.

In our observation, the patients of CLD had a co-presence of high pulmonary venous pressure evident from 
universally high PCWP (>15 mmHg) (Table 1). Incidentally, such postcapillary PH can exist commonly concomitant 
to precapillary PH in COPD15,26 and the comorbidities often contribute to that.27 The raised PCWP is universal in our 
(non-COPD) CLDs. Thus, the desat-max seems effective to indicate high PVR in mixed pre- and postcapillary PH.

Multiple factors might dynamically influence the development and progression of PH in a CLD leading to a spectrum 
of severity of PH with its physiological consequences. They could modify or add to the usual natural history of CLD-PH 
with individual-specific characteristics. The right ventricular (RV) function appears as one such component. In this 
context, our patients displayed a relatively preserved TAPSE (tricuspid annular plane systolic excursion; 22.40±3.88 mm; 
the (normal value is 15–25mm), a marker of RV systolic function.28 Such preservation of RV systolic function does not 

Figure 1 (A) The variance importance in projection (VIP) plot shows the relative position of the desat-max to appreciate the detection capacity of high pulmonary vascular 
resistance (PVR) from low along with other parameters. (B) The score plots show two distinct clusters made of high and low PVR incorporating the variables with some 
overlaps.
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exclude RV affection but indicates a possible successful adaptation of RV to cope with the slow increment of afterload 
imposed by the raised PAP.

It appears intriguing to explain the decline in the immediate postexercise resting saturation in 2CT. Thus, the desat- 
max seems to represent the impact of the loss of ability and/or agility of the precapillary pulmonary circuit to re-adjust to 
the altered circulatory demand in postexercise recovery period. The very fact that PH is more frequently observed in 
advanced CLD (as in COPD) with the loss of lung function,29 supports the presence of a possible and parallel event of 
vascular remodeling in COPD/CLD.30 It appears that there is an increase in ventilation/perfusion (V/Q) mismatch during 
the recovery period. This increased postexercise V/Q mismatch is likely to have originated from a compromised 
circulatory reserve. Immediate postexercise in 2CT, the metabolic demand drops but the return of deoxygenated blood 
from the tissue is increased. Such deoxygenated venous blood may act as a modulator of the pulmonary vascular tone 
(vasoconstrictor) to add-on to the incapability of the already compromised pulmonary vascular reserve to maintain an 

Figure 2 Shows the univariate and adjusted odds ratios of the important hemodynamic parameters and desat max for the presence or absence or high PVR. 
Abbreviations: mpap, mean pulmonary artery pressure; CO, cardiac output; PVR, pulmonary vascular resistance.
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optimal V/Q relationship. This could explain the desaturation to happen in the postexercise recovery response in 2-chair 
test. Further in depth understating of the issue demands intricate research.

There is a significant reduction of cardiac output (3.77±1.01 vs 4.29±1.15 L/min; P=0.02) in the patients with high 
PVR where the right ventricular dysfunction likely predominates. The right ventricle (RV) demonstrates a variable degree 
of hypertrophy to accommodate the increased afterload until a point of time when it starts dilatation.30,31 Maladaptation 
of the RV in the face of PH is one of the major events that influences the functional capacity and prognosis.32 

Incidentally, we cannot evolve an efficient understanding of the RV functional recovery dynamics from our data; one 
needs intricate evaluations of RV functions in such patients with raised afterload but normal TAPSE.

The frequent presence of left ventricular diastolic dysfunction (LVDD) in our patients is also intriguing as evident from 
raised E/e’ as (13.32±4.13). LVDD in COPD is found to the tune of 30 to 70%.33 Since we excluded the sick and unstable 
patients at the outset, this suggests that desat max does not correlate to left ventricular end diastolic pressure (LVEDP) in stable 
CLD patients. However, the relationship is intriguing and may change in overt heart failure with or without preserved ejection 
fraction (HFpEF) making this area of association of HFpEF with desat-max an interesting domain of research.

The VIP plot that depicts and allows a comparison of the strength of association of different parameters with PVR clearly 
helps us appreciate the efficiency of desat-max in this regard (Figure 1A). According to the score-plot (Figure 1B), though 
distinct, there is an overlap of low and high PVR groups; the factors responsible for such overlap need to be explored.

There are several lacunae in the research. The number of recruits is small; the echocardiography should have been 
more exhaustive, especially to determine the left and right ventricular functions. The possible overt diastolic heart failure 
that, although unlikely, was not confirmed. All the raised PCWP cases should have been rechecked with left heart 
catheterization and measurement of the left ventricular end diastolic pressure to have a much more objective and robust 

Figure 3 The correlation of desat max with right heart catheterization (RHC) derived hemodynamic parameters with Pearson coefficients. (A) Desat max vs mPAP (RHC). 
(B) Desat max with sys PA. (C) Desat max with PVR. (D) TPG withdesat max. 
Abbreviations: mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; sys PAP, systolic pulmonary artery pressure; TPG, transpulmonary gradient.
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evidence for postcapillary component of pulmonary hypertension. MRI studies of the ventricular structural and functional 
status may add to our understanding of ventricular dysfunctions in these patients.

In our observation, the universally high postcapillary PH was interesting; the issue itself demands separate research for 
epidemiological confirmation, possible etiological clues, and understanding the mechanistic pathways. Such postcapillary PH can 
evolve from left ventricular diastolic dysfunction or the postcapillary vascular problem in the pulmonary venous circuit.34 

Although we have some idea about the presence of left ventricular relaxation abnormality (diastolic dysfunction), we cannot 
comment on the possibility of obvious remodeling in the pulmonary venous system in COPD as reported.35 For COPD (the 
majority in our cohort), there is loss of venous capacitance from the destruction of alveolar walls or possible compression from 
dynamic hyperinflation; the mechanism could be different for restrictive or mixed obstructive and restrictive diseases. More 
research is warranted in this front.

Conclusion
The 2-chair test derived desat-max appears as a novel noninvasive marker of precapillary PH/PVR in combined pre- and 
postcapillary pulmonary hypertension with CLD. Further research with detailed hemodynamic assessment, advanced 
imaging, and other modalities is essential to validate the observation in different groups of PH. One needs to elaborate 
the physiological foundation of the observation categorically. Such efforts may prove worthwhile in clinical applications 
as early diagnosis, patient stratification, and treatment decisions involving pulmonary vasodilators.
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