
Supplementary File 1 

MEDLINE (Pubmed) search strategy 

1. Blood Gas Monitoring, Transcutaneous [MeSH] 

2. (TOSCA ADJ5 TCM) OR (Sentec ADJ5 V-Sign) OR (Transend ADJ5 

SensorMedics) OR (FasTrac ADJ5 Critikon) 

3. 1 OR 2 

4. Preoperative OR pre-operative OR peri-operative OR perioperative OR intra-

operative OR intraoperative OR post-operative OR postoperative OR anesthesia OR 

anaesthesia OR anesthesiology OR anaesthesiology 

5. Surgery OR surgical OR operation OR operative OR operating  

6. Critical care OR intensive care OR ICU OR Emergency department 

7. Respiratory Failure (exp) 

8. 4 OR 5 OR 6 OR 7 

9. Accuracy OR precision OR reliability OR validity OR validation OR standard 

deviation 

10. Bias OR mean difference OR limit of agreement OR Bland Altman  

11. 9 OR 10 

12. (exp "diagnostic errors"/ OR exp "sensitivity and specificity"/ OR (accura* OR 

reliabilit* OR target* OR utilit* OR discriminat* OR differentiat*) 

13. 11 OR 12 

14. 3 AND 8 AND 13 

15. 14 AND NOT (animals [mh] NOT humans [mh]) 

EMBASE search strategy 

1. transcutaneous carbon dioxide monitoring  



2. (TOSCA ADJ5 TCM) OR (Sentec ADJ5 V-Sign) OR (Transend ADJ5 

SensorMedics) OR (FasTrac ADJ5 Critikon) 

3. 1 OR 2 

4. Preoperative OR pre-operative OR peri-operative OR perioperative OR intra-

operative OR intraoperative OR post-operative OR postoperative OR anesthesia OR 

anaesthesia OR anesthesiology OR anaesthesiology 

5. Surgery OR surgical OR operation OR operative OR operating  

6. Critical care OR intensive care OR ICU OR Emergency department 

7. Hypercapnia OR hypercapnea OR hypercarbia OR Respiratory Failure (exp) 

8. 4 OR 5 OR 6 OR 7 

9. Accuracy OR precision OR reliability OR validity OR validation OR standard 

deviation 

10. Bias OR mean difference OR limit of agreement OR Bland Altman  

11. 9 OR 10 

12. ('diagnostic accuracy'/de OR 'diagnostic test accuracy study'/de OR 'diagnostic 

error'/exp OR 'diagnostic value'/de OR 'sensitivity and specificity'/de OR 'predictive 

value'/de OR (accura* OR reliabilit* OR target* OR utilit* OR discriminat* OR 

differentiat*) 

13. 11 OR 12 

14. 3 AND 8 AND 13 

15. 14 AND NOT (animals [mh] NOT humans [mh]) 

  



Specific formulas from (1) used to calculate population limits of agreement (i.e. limits of 

agreement with outer 95% confidence intervals) 

Step 1: We adjusted repeated measurements, which were not properly adjusted in individual 

studies using the formula: 

!"#∗ = !"#	/[ )* − 1 /()* − .*)], 

where !"#	is the within-study variance in differences between PaCO2 and TcCO2, )* is the 

total number of measurements taken and .* is the number of measurements per individuals. 

Step 2: 

We calculated pooled limits of agreement: 

δ	+/-	2√(σ2	+	τ2),	

where δ is the average bias across studies (mean difference between PaCO2 and TcCO2), σ2 is 

the average adjusted within-study variation in differences (the average of the !"#∗	from	the	

previous	formula) between PaCO2 and TcCO2, and τ2 is the variation in bias across studies. 

The parameters δ and σ2 were estimated using weighted least squares (with approximately 

inverse variance weights) and their standard errors were estimated using robust variance 

estimation (RVE). We used RVE instead of model-based standard errors since most studies 

included multiple measurements from each individual and the exact correlation between these 

measurements was unknown. The method-of-moments estimator (2) was used for the τ2		

parameter.	 

Step 3: 

We calculated outer 95% confidence intervals for pooled limits of agreement using the 
formulas: 



CI-LOAL	or	U=LOAL	or	U	±	t(m-1,	0.25)*	√	(Var(LOA)),	

where t(m-1, .025) is the critical value for the t-distribution with m-1 degrees of freedom. We 

estimated Var(LOA) from a formula included in (1) that is a combination of the sampling 

variances of the estimates of the mean bias, the mean precision, and the between study 

variation in bias. 

 



Study characteristics 

Study n Participants and setting 
PaC02 
Mean (SD) or 
Median (IQR) 

Technology Location of 
sensor 

Device 
temperature  

Aarrestad 2016 (3) 65 Patients with chronic respiratory failure 
on long term non-invasive ventilation.  

Mean 45.75 
mmHg (SD 
6.75) 

TOSCA500 Sensor 
92 Ear lobe 43°C 

Baulig 2007 (4) 18 Adults after elective cardiac surgery.  
Median 5.43 
kPa, range 3.61-
7.41 kPa 

Sentec Vsign Ear lobe not reported 

Baulig 2015 (5) 50 Patients undergoing elective, unilateral 
shoulder surgery.  Not reported Sentec Vsign 2 Ear lobe not reported 

Bendjelid 2005 (6) 55 Adult ICU Not reported TOSCA Ear lobe 42°C 
Berkenbosch 2001 
(7) 25 Older children receiving mechanical 

ventilation Not reported TOSCA TCM3 Not reported 43.5°C 

Berkenbosch 2002 
(8) 14 Infants and children receiving high-

frequency oscillatory ventilation  Not reported TOSCA TCM3 Not reported 43.5°C 

Berlowitz 2011 
(9) 6 ICU patients with arterial line Not reported TOSCA TCM3 Chest 43°C 

Bernet 2008 (10) 20 NICU Median 5.8kPa, 
range 6.4-10.6 TOSCA  Ear lobe not reported 

Bernet-Buettiker 
2005 (11) 30 NICU 

Median 42.3 
mmHg, range 
24.1-56.9 

TOSCA  Ear lobe 42°C 

Bobbia 2015 (12) 90 Acute respiratory failure in ED 
Median 46.2 
mmHg; IQR 
37.6, 66.8 

TOSCA TCM4 Ear lobe 44°C 

Bolliger 2007 (13) 112 Adults undergoing major surgery then 
transferred to ICU Not reported 

Sentec and 
TOSCA500 Sensor 
92 

Ear lobe 42°C 

Carter 2001 (14) 46 NICU after cardiac surgery Range 23-52 
mmHg Fastrac 

Upper abdomen, 
chest or upper 
thigh 

43°C 

Chakravarthy 
2010 (15) 32 Post cardiac surgery in ICU Not reported TCM4 Upper chest 43°C 



Chhajed 2010 (16) 270 Respiratory laboratory Median 4.7 kPa, 
IQR 0.8 Sentec V-Sign Ear lobe 42°C 

Chhajed 2012 (17) 40 Adult ICU 
Median 4.84 
kPa, range 4.3-
6.04 

Sentec V-Sign Ear lobe 42°C 

Cox 2006 (18) 15 Thoracic surgery with one lung 
ventilation Not reported Sentec V-Sign Ear lobe 42°C 

Cuvelier 2005 
(19) 12 Long-term home ventilation, mask or 

tracheotomy-mediated Range 37-58 TCM3 Chest 44°C 

Delerme 2012 
(20) 48 Acute respiratory failure in ED 42 mmHg(16), 

range 18-108 
TOSCA500 Sensor 
92 Ear lobe 42°C 

DeOliveira Jr 
2010 (21) 40 

Females undergoing gynaecological 
surgery with sedation (not mechanically 
ventilated) 

Not reported TOSCA500 Sensor 
92 Ear lobe 42°C 

Dion 2015 (22) 25 Laparoscopic-assisted bariatric surgery in 
severely obese patients Not reported Sentec Vsign2 

Palmar surface  of  
the  forearm  or  
the  
infraclaviculararea.   

42°C 

Domingo 2006 
(23) 130 Patients referred for respiratory function 

tests 
42.2 mmHg 
(7.2) Sentec Vsign Ear lobe 42°C 

Dullenkopf 2003 
(24) 60 Paediatric surgery 4.66 (0.48), 

range 3.8-7.3 TOSCA Ear lobe 42°C 

Ekkerkamp 2015 
(25) 100 Patients with respiratory disease and 

healthy controls 42 (6.9) mmHg TCM4 Chest 44°C 

Fanelli 2008 (26) 13 Post-anaesthesia recovery 

39.2 mmHg 
(IQR - 
37.6,40.7), 
range 26-52 
mmHg 

Sentec Vsign Not reported 42°C 

Ferníçndez de 
Miguel 2010 (27) 12 PICU 51 mmHg (13) Sentec Not reported not reported 

Fuke 2009 (28) 9 Healthy volunteers Not reported TOSCA Ear lobe 42°C 

Gancel 2011 (29) 21 Acute respiratory failure in ED 

51.6 mmHg 
(16.7), range 
22.8-84.3 
mmHg 

TOSCA500 Sensor 
92 Ear lobe 42°C 



Griffin 2003 (30) 30 General anaesthesia in severely obese 
adults Not reported TCM3 Forearm 45°C 

Hazenberg 2011 
(31) 15 Chronic respiratory failure Not reported TOSCA  Ear lobe 42°C 

Henao-Brasseur 
2016 (32) 37 Adult ICU Not reported Sentec Not reported not reported 

Herrejon 2006 
(33) 30 Chronic respiratory failure 

Median 42.6 
mmHg, range 
31.5-75.4 
mmHg 

Sentec Vsign Ear lobe 42°C 

Heuss 2004 (34) 33 Adults undergoing colonoscopy Not reported Sentec Vsign Ear lobe 42°C 

Hinkelbein 2008 
(35) 34 Adult ICU 

43.2 mmHg 
(8.8), range 
24.9-72.4 
mmHg 

TCM4 Chest 42°C 

Hirabayashi 2009 
(36) 39 Adult ICU and post-anaesthesia recovery  range 30-45 TCM3 Upper arm 44°C 

Hirata 2014 (37) 48 NICU Not reported TCM4 Abdomen, chest, 
back and thigh 38-42°C 

Janssens 2005 
(38) 40 Chronic respiratory failure 

42 mmHg (11), 
range 20-71 
mmHg 

TCM3 Chest 43°C 

Janssens 2001 
(39) 28 Chronic respiratory failure 

49 mmHg (8.6), 
range 32-66 
mmHg 

TCM3 Chest 43°C 

Johnson 2008 (40) 38 Adult ICU Not reported Sentec Vsign Ear lobe 42°C 

Kelly 2011 (41) 46 Acute respiratory failure in ED 

median 60 
mmHg (IQR 46-
70), range 33-91 
mmHg 

TCM4 Chest not reported 

Kim 2014 (42) 53 Acute respiratory failure in ED 

Normotenstive: 
55.5 mmHg  
(24.1); 
hypotensive: 
44.5 mmHg 
(18.4) 

Sentec Vsign Ear lobe 42°C 



Lermuzeaux 2016 
(43) 25 Acute respiratory failure in ED 44 mmHg (12.7) Sentec Vsign Ear lobe 42°C 

Liu 2014 (44) 21 Anesthesia of obese patients undergoing 
laparoscopic bariatric surgery Not reported TCM4 Chest 44°C 

Maniscalco 2008 
(45) 35 Obese patients undergoing respiratory 

function tests Not reported TOSCA Ear lobe 42°C 

McBride 2002 
(46) 30 neurosurgical procedures in adults range 26 to 62 

mmHg TOSCA Not reported 44°C 

McVicar 2009 
(47) 51 Acute respiratory failure in ED 

Median 5.5 kPa, 
range 2.27-9.43 
kPa 

TOSCA Ear lobe 42°C 

Mukhopadhyay 
2016 (48) 52 NICU Not reported Sentec Not reported not reported 

Nicolini 2011 (49) 80 Acute respiratory failure in ED 

mean 56.97 
mmHg (9.87), 
range 42-89 
mmHg 

TOSCA Ear lobe not reported 

Nishiyama 2006 
(50) 15 Adults undergoing surgery with general 

anaesthesia Not reported TCM4 Chest, upper arm, 
forearm 43°C 

Nishiyama 2011 
(51) 10 Adults undergoing surgery with general 

anaesthesia Not reported TCM4 and Sentec Chest, ear lobe 43°C and 
42°C 

Oshibuchi 2003 
(52) 26 Thoracic surgery with one lung 

ventilation 41 mmHg (4) TCM3 Upper arm 42°C 

Parker 2007 (53) 48 Chronic respiratory failure range 4 - 10.9 
kPa TOSCA Ear lobe 42°C 

Perrin 2011 (54) 24 Acute respiratory failure in ED 
median 36.5 
mmHg, range 
19-64 mmHg 

TOSCA500 Ear lobe not reported 

Peschanski 2016 
(55) 64 Acute respiratory failure in ED 

49 mmHg (16) 
range 22-103 
mmHg 

TCM4 Chest or forearm 44°C 

Piquilloud 2013 
(56) 20 Acute respiratory failure in ED range 43-80 

mmHg Sentec Ear lobe not reported 

Rodriguez 2006 
(57) 50 Adult ICU Not reported Sentec Ear lobe 42°C 



Roediger 2011 
(58) 20 Adult ICU 

median 36.7 
mmHg, range 
27.3-54.7 

Sentec Vsign Ear lobe, forehead, 
cheek 42°C 

Rosier 2014 (59) 25 Adult ICU 37 mmHg (6.2) Sentec Vsign Ear lobe 42°C 

Ruiz 2016 (60) 81 Acute respiratory failure in ED 59.8 mmHg 
(11.9) Sentec Vsign Chest 42°C 

Sandberg 2011 
(61) 46 NICU 6.9 mmHg (95% 

CI=6.7-7.8) TOSCA  Chest  43°C 

Schafroth Török 
2008 (62) 19 Chronic respiratory failure 47.8 mmHg (9) Sentec  Ear lobe 42°C 

Senn 2005 (63) 18 Adult ICU range 22-59 
mmHg TOSCA Ear lobe 42°C 

Simon 2003 (64) 15 Rigid bronchoscopy during high-
frequency jet ventilation Not reported Microgas Abdomen 42°C 

Stege 2009 (65) 12 Cardiopulmonary exercise testing range 3.28 -7.75 
kPa 

TOSCA500 Sensor 
92 Ear lobe 42°C 

Storre 2007 (66) 10 Initiation of noninvasive ventilation Baseline 67.2 
mmHg (11.9) Sentec Vsign Ear lobe 42°C 

Tingay 2005 (67) 21 NICU Not reported Microgas Chest or abdomen not reported 

Tobias 2003 (68) 15 Thoracic surgery with one lung 
ventilation Not reported TCM3 Not reported 45°C 

Tonelli 2015 (69) 29 Chronic respiratory failure 33 mmHg (5) PeriFlux Forearm 45°C 
Tschupp 2003 
(70) 20 PICU range 30-46.5 

mmHg Sentec Vsign Ear lobe 42°C 

Urbano 2010 (71) 41 PICU 
Median 44 
mHg, range 28-
85 

Sentec, TOSCA 
500, TCM3 

Chest, abdomen or 
ear lobe 

42°C, 
43.5°C 

vanOppen 2015 
(72) 10 Adult ICU Admission 

75.53 mmHg TCM4 Ear lobe not reported 

Vivien 2006 (73) 20 Apnea testing in brain-dead patients 

Baseline 41.4 
mmHg (6.3); 
end of apnoea 
test 98.3 mmHg 
(20) 

Sentec Vsign Ear lobe 42°C 

Xue 2010 (74) 16 Adults undergoing prolonged 
laporascopic surgery 

Baseline 40 
mmHg (3.6), 30 
minutes 47 

Sentec Vsign Ear lobe 42°C 



mmHg (3.5), 60 
minutes 44.9 
mmHg (5.2) 

Zhang 2015 (75) 18 Thoracic surgery with one lung 
ventilation 

 Baseline TLV 
46.5 mmHg 
(6.9), 30 
minutes OLV 
52.2 mmHg 
(9.1), OLV60 
52.2 mmHg (7), 
OLV90 52.4 
mmHg (6.9), 
OLV120 52.2 
mmHg (6.6) 

TCM3 Upper arm 42°C 

Legend: ICU=Intensive care unit; NICU=Neonatal intensive care unit; PICU=Pediatric intensive care unit; ED=Emergency department 
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