Effect of 5 weeks of oral acetazolamide on patients with pulmonary vascular disease: a randomized, double-blind, cross-over trial
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Assessments
All assessments were performed during baseline examination and at the end of each 5-week treatment period. The 6- minute walk test (6MWT) and questionnaires for QoL and cognitive performance tests were additionally performed after the washout before the start of treatment phase 2. 
A complete medical history and physical examination was obtained at the beginning of the study. The 6MWT was performed according to standard procedures.1 WHO functional class (WHO-FC) was assessed. QoL was measured by the Minnesota living with heart failure questionnaire (MLHF=living with PH).2 Cognitive performance was tested by the TRAIL MAKING-Test and the 5PT-Test.3-5 Arterial blood gases were drawn from a radial artery and immediately analysed (ABL 90 Flex-blood analyser, Radiometer GmbH). 
Echocardiographic recordings were obtained with a real-time, phased array sector scanner (CX 50, Philips, Philips Respironics, Zofingen, Switzerland) with an integrated color Doppler system and a transducer containing crystal sets for imaging (1-5 MHz) and for continuous wave (CW) and pulsed-wave (PW) Doppler as described previously.6 Recording and analysis were performed according to guidelines of the European Society of Echocardiography.7 Maximal tricuspid regurgitation pressure gradient (TRPG) was calculated from maximal tricuspid regurgitation velocity (TRV) obtained with CW-Doppler using the modified Bernoulli equation: Δpressure= 4 × TRVmax2. Right atrial pressure (RAP) was estimated by the diameter of the inferior vena cava and its variation during inspiration. Systolic PAP (sPAP) was calculated as TRPG + RAP. Mean PAP (mPAP) was calculated as mPAP = 0.61× sPAP + 2 mmHg.28 Right ventricle (RV) area was manually traced, fractional area change (FAC) of the RV was calculated as (end-diastolic RV area ‒ end-systolic RV area) / end-diastolic RV area. Tricuspid annular plane systolic excursion (TAPSE) was measured in M-mode. Cardiac output (Q) was estimated by the Doppler velocity time integral method from the left ventricular outflow tract 8 and stroke volume (SV) as SV = Q/HR.

References


1.	Laboratories ATSCoPSfCPF. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med 2002;166:111-117. doi: 10.1164/ajrccm.166.1.at1102
2.	Cenedese E, Speich R, Dorschner L, et al. Measurement of quality of life in pulmonary hypertension and its significance. Eur Respir J 2006;28:808-815. doi: 
3.	Martin SE, Bradley JM, Buick JB, Crossan A, Elborn JS. The effect of hypoxia on cognitive performance in patients with chronic obstructive pulmonary disease. Respir Physiol Neurobiol 2011;177:36-40. doi: S1569-9048(11)00089-9 [pii]
10.1016/j.resp.2011.03.007
4.	Jensen AR, Rohwer WD, Jr. The Stroop color-word test: a review. Acta Psychol (Amst) 1966;25:36-93. doi: 
5.	Tombaugh TN. Trail Making Test A and B: normative data stratified by age and education. Arch Clin Neuropsychol 2004;19:203-214. doi: 10.1016/S0887-6177(03)00039-8
S0887617703000398 [pii]
6.	Lichtblau M, Saxer S, Furian M, et al. Cardiac function and pulmonary hypertension in Central Asian highlanders at 3250 m. Eur Respir J 2020. doi: 10.1183/13993003.02474-2019
7.	Evangelista A, Flachskampf F, Lancellotti P, et al. European Association of Echocardiography recommendations for standardization of performance, digital storage and reporting of echocardiographic studies. Eur J Echocardiogr 2008;9:438-448. doi: 10.1093/ejechocard/jen174
8.	Huntsman LL, Stewart DK, Barnes SR, et al. Noninvasive Doppler determination of cardiac output in man. Clinical validation. Circulation 1983;67:593-602. doi: 




[bookmark: _GoBack]Supplementary table 1: Quality of life
	
	Acetazolamide
	Placebo
	Treatment effect

	Per protocol
	Start
	End
	Mean diff. 95%CI
	p-value
	Start
	End
	Mean diff. 95%CI
	p-value
	Mean diff. 95%CI
	p-value

	LHFQ general
	22± 3
	27 ± 3
	4.8 (0.5 to 9.1)
	0.029
	21 ± 3
	23 ± 3
	2.2 (-2.1 to 6.5)
	0.317
	2.6 (-3.5 to 8.7)
	0.402

	LHFQ physical
	13 ± 1
	14 ± 1
	0.9 (-0.9 to 2.6)
	0.323
	12 ± 1
	12 ± 1
	0.8 (-0.9 to 2.5)
	0.370
	0.1 (-2.4 to 2.5)
	0.950

	LHFQ emotional
	4 ± 1
	7 ± 1
	2.5 (1.0 to 4.0)
	0.001
	4 ± 1
	5 ± 1
	0.5 (-1.0 to 2.1)
	0.491
	2.0 (-0.2 to 4.1)
	0.076

	Data are presented as mean ± standard deviation or mean difference with 95%-Confidence interval. 
LHFQ: the Minnesota living with heart failure questionnaire 






Supplementary table 2: Side effects with acetazolamide and placebo
	Side effect
	Acetazolamide, n=27
	Placebo, n=26
	p-value 

	Change of taste
	6 (22%)
	0
	<0.001

	Paraesthesia
	10 (37%)
	1 (4%)
	<0.001

	Gastrointestinal distress
	4 (15%)
	1 (4%)
	0.008

	Nausea
	1 (4%)
	0
	0.174

	Headache
	4 (15%)
	1 (4%)
	0.008

	Dizziness
	3 (11%)
	2 (8%)
	0.469

	Chest pain
	1 (4%)
	1 (4%)
	1.000

	Dyspnoea
	7 (26%)
	1 (4%)
	<0.001

	Fatigue
	4 (15%)
	0
	<0.001

	Respiratory tract infection
	0 (0%)
	1 (4%)
	0.174

	Data are shown as numbers (%) for acetazolamide and placebo respectfully. 





Supplementary table 3: Echocardiography
	Characteristic
	Acetazolamide
	Placebo
	Mean difference (95% CI)
	p-value

	Right ventricular and atrial indices and function
	
	
	
	

	Tricuspid regurgitation pressure gradient, mmHg
	39 ± 16
	41 ± 18
	-0.3 (-4.5 to 4.0)
	0.900

	Tricuspid regurgitation velocity, m/sec
	3 ± 1
	3 ± 1
	-0.0 (-0.2 to 0.1)
	0.770

	Systolic pulmonary artery pressure, mmHg
	43 ± 17
	44 ± 18
	0.6 (-3.9 to 5.1)
	0.800

	Mean pulmonary artery pressure, mmHg
	27 ± 5
	30 ± 7
	-2.8 (-6.2 to 0.6)
	0.100

	Stroke volume, ml
	66 ± 20
	66 ± 24
	-1.3 (-7.7 to 5.1)
	0.680

	Stroke volume index, ml/m2
	34 ± 9
	34 ± 10
	- 0.5 (-3.9 to 2.8)
	0.740

	Cardiac output, l/min
	4.9 ± 1.1
	4.9 ± 1.7
	0.2 (-0.9 to 0.5)
	0.600

	Cardiac index, l/min/m2
	2.6 ± 0.6
	2.4 ± 0.9
	0.2 (-0.4 to 0.8)
	0.590

	Right arterial pressure, mmHg
	3.4 ± 1.1
	3.0 ± 0
	0.4 (-0.1 to 0.9)
	0.120

	Right atrial area, cm2
	17 ± 7
	18 ± 7
	0.2 (-1.9 to 2.3)
	0.850

	Right ventricle end-diastolic area A4C, cm2
	26 ± 8
	24 ± 7
	1.9 (-0.6 to 4.4)
	0.120

	Right ventricle end-systolic area A4C, cm2
	17 ± 6
	16 ± 5
	-0.3 (-1.5 to 2.0)
	0.760

	Right ventricle fractional area change, %
	36 ± 9
	34 ± 10
	2.0 (-3.2 to 0.7)
	0.430

	Eccentricity Index end-diastolic
	1.2 ± 0.3
	1.2 ± 0.2
	0.1 (-0.1 to 0.2)
	0.500

	Eccentricity Index end-systolic
	1.4 ± 0.5
	1.3 ± 0.3
	0.2 (-0.0 to 0.4)
	0.090

	Right ventricle anterior wall diameter, cm
	0.6 ± 0.2
	0.5 ±0.1
	0.0 (-0.1 to 0.2)
	0.920

	Right ventricle diameter end-diastolic, cm
	3.5 ± 0.7
	3.3 ± 0.9
	0.4 (-0.0 to 0.8)
	0.046

	Tricuspid annular plane systolic excursion, cm
	1.7 ± 0.4
	2.3 ± 2.6
	-0.5 (-1.7 to 0.6)
	0.360

	RV systolic excursion velocity s′, cm/s
	12.1 ± 3.6
	12.1 ± 3.1
	-0.4 (-1.7 to 1.0)
	0.590

	Left ventricle and left atrium indices
	
	
	
	

	Left ventricle end-diastolic area A4C, cm
	4.6 ± 0.7
	4.4 ± 0.6
	0.1 (-0.3 to 0.4)
	0.750

	Septal wall thickness, cm 
	0.9 ± 0.2
	0.9 ± 0.2
	-0.0 (-0.1 to 0.1)
	0.750

	LV end-diastolic dimension, cm
	4.8 ± 0.6
	4.8 ± 0.6
	0.0 (-0.2 to 0.2)
	0.640

	LV end-diastolic posterior wall, cm
	0.8 ± 0.2
	0.8 ± 0.2
	-0.0 (-0.2 to 0.2)
	0.930

	LV end-systolic dimension, cm
	3.2 ± 0.7
	3.0 ± 0.5
	0.2 (-0.1 to 0.5)
	0.200

	Left ventricular outflow tract diameter, cm 
	2.0 ± 0.2
	2.0 ± 0.3
	0.0 (-0.1 to 0.1)
	0.740

	Left atrium area A2C, cm2
	17 ± 6.6
	16 ± 4.8
	0.1 (-2.7 to 2.9)
	0.930

	Left atrium area A4C, cm2
	17 ± 6.6
	16 ± 7.0
	1.1 (-0.9 to 3.1)
	0.280

	Left atrium length, cm
	4.8 ± 0.9
	4.8 ± 0.9
	-0.1 (-0.5 to 0.3)
	0.600

	Left atrial volume index, cm2/m2
	24 ± 13
	23 ± 9
	1.5 (-4.8 to 7.8)
	0.620

	Ejection Fraction biplane, %
	64 ± 8
	62 ± 6
	1.8 (-2.0 to 5.7)
	0.340

	Left ventricular outflow tract velocity time integral 
	20 ± 3
	20 ± 4
	0.7 (-0.5 to 2.0)
	0.240

	Mitral A wave, m/s
	62 ± 20
	66 ± 21
	-3.2 (-12.0 to 6.1)
	0.480

	Mitral E wave, m/s
	59 ± 16
	63 ± 20
	-3.9 (-11.0 to 3.4)
	0.280

	Mitral E/A ratio
	1.1 ± 0.5
	1.1 ± 0.3
	0.0 (-0.1 to 0.2)
	0.680

	Lateral mitral annulus e′ wave, cm/s
	13 ± 4
	13 ± 4
	0.2 (-1.0 to 1.4)
	0.760

	Lateral mitral annulus a′ wave, cm/s
	11 ± 4
	11 ±3
	-0.2 (-1.5 to 1.1)
	0.760

	Septal mitral annulus e′ wave, cm/s
	7.7 ± 2.1
	8.3 ± 1.9
	- 0.5 (-1.4 to 0.5)
	0.290

	Septal mitral annulus a′ wave, cm/s
	9.1 ± 2.0
	8.7 ± 2.5
	0.1 (-0.9 to 1.1)
	0.900

	Lateral E/e′ ratio
	5.3 ± 2.6
	5.9 ± 2.7
	- 0.7 (-1.6 to 0.2)
	0.100

	Septal E/e′ ratio
	8.0 ± 2.2
	7.8 ± 2.4
	0.1 (-0.8 to 0.9)
	0.880

	Lateral e′/a′ ratio
	1.4 ± 0.6
	1.5 ± 0.9
	- 0.1 (-0.5 to 0.3)
	0.610

	Septal e′/a′ ratio
	0.9 ± 0.3
	1.1 ± 0.5
	- 0.1 (-0.3 to 0.1)
	0.330

	Data are shown as mean ± standard deviation or as mean difference (95% confidence interval). 
A4C: apical four chamber view, A2C: apical two chamber view, RV: right ventricle, LV: left ventricle.





Supplementary table 4: Cognitive function tests
	
	Acetazolamide
	Placebo
	Treatment effect

	Per protocol
	Start
	End
	Mean diff. 95%CI
	p-value
	Start
	End
	Mean diff. 95%CI
	p-value
	Mean diff. 95%CI
	

	Fig 5Pt, total
	36.7 (3.0)
	37.3 (3.0)
	0.6 (-4.5 to 5.8)
	0.806
	39.2 (3.0)
	42.0 (3.0)
	2.8 (-2.2 to 7.8)
	0.279
	-2.1 (-9.3 to 5.1)
	0.562

	Fig 5Pt, invalid
	2.4 (0.6)
	2.1 (0.6)
	-0.3 (-1.6 to 1.0)
	0.653
	3.7 (0.6)
	3.5 (0.6)
	-0.3 (-1.6 to 1.0)
	0.691
	-0.1 (-1.9 to 1.8)
	0.951

	TMT A, time
	35.1 (3.4)
	36.8 (3.4)
	1.7 (-3.4 o 6.7)
	0.518
	35.3 (3.4)
	38.1 (3.4)
	2.8 (-2.2 to 7.7)
	0.273
	-1.1 (8.2 to 5.9)
	0.759

	TMT A, errors
	0.1 (0.1)
	0.1 (0.1)
	0.0 (-0.1 to 0.1)
	0.983
	0.1 (0.1)
	0.1 (0.1)
	-0.0 (-0.2 to 0.1)
	0.517
	0.0 (-0.1 to 0.2)
	0.638

	TMT B, time
	100.5 (13.9)
	101.2 (13.9)
	0.8 (-13.2 to 14.7)
	0.916
	95.9 (13.9)
	87.7 (13.9)
	-8.2 (-21.9 to 5.4)
	0.238
	9.0 (10.6 to -28.6)
	0.367

	TMT B, errors
	0.9 (0.2)
	0.8 (0.2)
	-0.0 (-0.6 to 0.5)
	0.880
	0.1 (0.2)
	0.3 (0.2)
	0.1 (-0.4 to 0.7)
	0.580
	-0.2 (-0.9 to 0.6)
	0.620

	Data are presented as mean (Standard deviation) or mean difference with 95% Confidence interval. Significant p-values are shown in bold (p<0.05).
Fig 5pt: Figure of 5, TMT A and B: Trail making test A and B



