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associated with mechanical, infectious, and thrombotic 
complications.2,3

Recently, continuous noninvasive arterial pressure moni-
toring systems based on the volume clamp method and arte-
rial tonometry have been developed and are now available at 
the bedside: Nexfin (BMEYE B.V., Amsterdam, The Nether-
lands); CNAP (CNSystems, Graz, Austria); and T-line (Ten-
sys Medical, Inc., San Diego, CA).4 These devices display 
real-time, continuous arterial pressure waveforms and allow 
noninvasive beat-to-beat arterial pressure measurement. The 
main advantage of these technologies is that they can bridge 
the gap between noninvasive but intermittent oscillomet-
ric techniques and continuous but invasive arterial pressure 
monitoring. To date, these techniques have only been evalu-
ated in small, single-center clinical studies, and no definitive 
validation studies have yet been performed.

Objective
We performed a systematic review and meta-analysis of stud-
ies that compared continuous noninvasive arterial pressure 
measurements with invasive arterial pressure measurements 
in adult patients in the perioperative and critical care set-
tings. The principal outcomes were the accuracy and pre-
cision of continuous noninvasive systolic arterial pressure 
(SAP), diastolic arterial pressure (DAP), and mean arterial 
pressure (MAP) compared with invasive arterial pressure 
measurements. Accuracy and precision were defined as 
acceptable if bias was not greater than 5 mmHg and preci-
sion not greater than 8 mmHg.

Materials and Methods
This systematic review and meta-analysis was conducted fol-
lowing the guidelines set forth in Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses.5

Eligibility Criteria
The following characteristics were defined in advance as eli-
gibility criteria for the studies to be included in our system-
atic review and meta-analysis:

1.	 Published studies comparing arterial pressure measured 
using commercially available continuous noninvasive 
arterial pressure monitoring systems with that measured 
by invasive arterial pressure monitoring.

2.	 Studies reporting extractable bias and SD of the dif-
ferences (or 95% limits of agreement [LOA]) between 
continuous noninvasive arterial pressure monitoring 
systems and invasive arterial pressure monitoring.

3.	 Studies on adult patient populations (age ≥18 yr) that 
report identifiable demographic data (sex and age).

4.	 Studies performed in the perioperative and critical care 
settings.

Information Sources and Search
Three electronic databases (PubMed, Web of Science, and the 
Cochrane Library) were searched using the following key words: 
blood pressure, arterial pressure, monitor, measurement, non-
invasive, Nexfin, CNAP, T-line, Finapres, Penaz, Vasotrac, vol-
ume clamp, pulse transit time, Wesseling, vascular unloading, 
preoperative, postoperative, perioperative, continuous, beat-to-
beat, surgery, operative, anesthesia, intensive care unit, accuracy, 
precision, bias, limit of agreement, and Bland-Altman. The full 
electronic PubMed search strategy is presented in appendix 1. 
We restricted the search and subsequent bibliographic review 
to studies in the English language conducted on adult human 
subjects (≥18 yr old), and to published research articles (no case 
reports or correspondence). We also limited the search to stud-
ies expressing results as bias and either SD or 95% LOA. No 
restrictions were placed on the dates of the studies in our data-
base search. In addition to the database search, we contacted the 
manufacturers of clinically available monitors—Nexfin, CNAP, 
and T-line—for other studies and hand-searched references in 
the studies included in the full-text retrieval for studies that had 
not been identified with the initial search.

Study Selection
Three investigators (S.-H.K., M.L., and K.S.S.) initially 
screened potentially eligible studies first by title and abstract. 
Remaining studies were then retrieved in full text. S.-H.K. 
and M.L. assessed eligibility according to inclusion criteria. 
If the eligibility of the study remained unclear, a third inves-
tigator (M.C.) made the final decision.

Data-collection Process
S.-H.K. and M.L. performed data extraction independently. 
A pilot data-extraction sheet was first used in five studies 
and then assessed for completeness and accuracy between 
S.-H.K. and M.L. Discrepancies between investigators were 
noted, the sheets updated, and then S.-H.K. and M.L. inde-
pendently performed data extraction on the remaining stud-
ies. All data were then transferred separately to a standard 
Excel (Microsoft Corporation, Redmond, WA) spreadsheet. 
S.-H.K. and M.L. reviewed each other’s extractions for 
inconsistencies and, if needed, returned to the original work 
to validate the correct data.

Extracted study variables included patient age (mean, 
median, SD, range or interquartile range), sex, study setting 
(types of surgery, perioperative or critical care setting), num-
ber of patients enrolled in the study, and numbers of patients 
actually included in the analysis.

We extracted bias and SD of biases between invasive 
arterial pressure and the noninvasive arterial pressure mea-
surement for SAP, DAP, and MAP from tables and Results 
sections of each article. If a study presented only bias and 
95% LOA, SD was calculated as (upper LOA minus bias) 
divided by 1.96. As description of bias was not uniform 
among the studies (some articles described it as noninvasive 
minus invasive measurements, whereas others described it as 
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meta-regression analysis on demographic characteristics (age, 
sex, and body mass index) and year of publication in addi-
tion to the study characteristics assessed in subgroup analysis. 
All the calculations and tests were conducted using Microsoft 
Excel 2010 (Microsoft Corporation) and R.† Data are pre-
sented as mean ± SD or bias ± SDs (95% LOA).

Results
Study Selection
As of May 8, 2013, a total of 574 articles were retrieved 
from the database searches and manufacturers after remov-
ing duplicates. Three investigators excluded 533 studies by 
title and abstract screening. The remaining 41 studies were 
retrieved as full-text articles and were assessed for eligibil-
ity. Thirteen articles25–37 were excluded after full-text review 
for failure to meet the inclusion criteria or insufficient data 
for meta-analysis (appendix 3). The remaining 28 stud-
ies8–17,38–55 were included in the systematic review (fig. 1).

Study Characteristics
A total of 919 patients (65% male) were included in this 
meta-analysis. Most studies had small sample sizes (median, 
25; range, 8 to 100). Among the 28 studies, 209–12,14–

17,40,41,43,44,46–49,52–55 were conducted in the operating room 
and 88,13,38,39,42,45,50,51 were conducted in the critical care set-
ting. The CNAP device10–12,14,15,41 was the most frequently 
evaluated, followed by T-line,16,17,38–40 Finapres,50,52–54 Nex-
fin,8,9,13 Vasotrac,43,44 NCAT,49,51 and others.42,45–48,55 Char-
acteristics of individual studies are presented in table 1.

Risk of Bias in Individual Studies
Results of quality assessment using the modified QUADAS-2 
are presented in appendix 4. In all included studies, the risk 
of bias was assessed as low with regard to patient selection, 
index test, and reference standard domain. In the flow and 
timing domains, 22 studies were at low risk. Five stud-
ies14,42,48,52,55 were at high risk and one study50 was at unclear 
risk. The concerns regarding three QUADAS-2 applicability 
domains were all low risk.

Synthesis of Results
Overall Meta-analysis. Bias and 95% LOA for the 28 
included articles are shown in figure 2. Among these, bias 
and SD for SAP was extractable in 25, DAP in 24, and 
MAP in 26 studies. Overall, the average continuous nonin-
vasive and invasive SAP were 112.9 ± 19.4 and 118.7 ± 19.4 
mmHg, respectively, DAP were 64.3 ± 11.5 and 62.2 ± 10.6 
mmHg, and MAP were 78.5 ± 13.1 and 76.9 ± 11.8 mmHg. 
The overall random-effects pooled bias and SDs of arterial 
pressure were −1.6 ± 12.2 mmHg (−25.5 to 22.2 mmHg) for 
SAP, 5.3 ± 8.3 mmHg (−11.0 to 21.6 mmHg) for DAP, and 
3.2 ± 8.4 mmHg (−13.4 to 19.7 mmHg) for MAP. We found 

significant between-study heterogeneity for both biases  
(P < 0.0001, I2 > 73%) and SDs (P < 0.0001, I2 > 81%) for 
all arterial pressure variables.

Risk of Publication Bias across Studies
The funnel plots constructed for SAP, DAP, and MAP 
appeared symmetrical and Egger regression test for asymme-
try was nonsignificant (P > 0.1; fig. 3).

Additional Analysis
We did not find significant differences in biases and SDs 
in the sensitivity and subgroup analyses. There was, how-
ever, significant residual heterogeneity after performing sub-
group and meta-regression analysis based on plausible causes 
(appendix 5).
Sensitivity Analysis of Currently Available Technologies. A 
forest plot for the sensitivity analysis based only on currently 
commercially available technologies is depicted in figure 4. 
Overall, for these studies, the average continuous noninva-
sive and invasive SAP were 111.1 ± 19.7 and 114.8 ± 19.1 
mmHg, respectively, DAP were 64.1 ± 11.6 and 60.1 ± 10.7 
mmHg, and MAP were 77.6 ± 13.2 and 75.0 ± 12.0 mmHg. 
The overall random-effects pooled bias and SDs of 14 stud-
ies8–17,38–41 were −1.8 ± 12.4 mmHg (−26.2 to 22.5 mmHg) 
for SAP, 6.0 ± 8.6 mmHg (−10.9 to 22.9 mmHg) for DAP, 
and 3.9 ± 8.7 mmHg (−13.1 to 21.0 mmHg) for MAP. There 
was also significant residual heterogeneity with regard to bias 
and SDs for SAP (I2 = 79.8 and 90.9%), DAP (I2 = 87.3 and 
85.3%), and MAP (I2 = 85.4 and 88.6%) within these cur-
rently available technologies.
Device-specific Results. Two of the commercially available 
devices are based on the volume clamp method (CNAP and 
Nexfin) and one is based on arterial tonometry (T-line) for 
the measurement of continuous noninvasive arterial pres-
sure. We conducted sensitivity analysis by device to assess 
whether significant heterogeneity exited. CNAP and Nex-
fin showed residual heterogeneity in SAP, DAP, and MAP 
whereas T-line did not show residual heterogeneity in MAP 
and DAP (fig. 4).
CNAP10–12,14,41 and Infinity CNAP SmartPod (Dräger Medical 
AG & Co. KG, Lübeck, Germany).15 The average CNAP and 
invasive SAP were 111.4 ± 20.2 and 118.0 ± 20.6 mmHg, 
respectively, DAP were 68.5 ± 13.8 and 64.8 ± 11.2 mmHg, 
and MAP were 74.0 ± 13.8 and 71.1 ± 11.0 mmHg. The 
overall random-effect pooled bias and SDs were −1.8 ± 12.8 
mmHg (−26.8 to 23.2 mmHg) for SAP, 7.2 ± 8.5 mmHg 
(−9.5 to 24.0 mmHg) for DAP, and 5.5 ± 9.3 mmHg (−12.7 
to 23.6 mmHg) for MAP.
T-line.16,17,38–40 The average T-line and invasive SAP were 
112.3 ± 18.9 and 113.6 ± 18.6 mmHg, respectively, DAP were 
61.8 ± 11.7 and 58.8 ± 10.9 mmHg, and MAP were 79.2 ± 13.2 
and 77.9 ± 12.9 mmHg. The overall random-effects pooled 
bias and SDs were −0.1 ± 8.4 mmHg (−16.5 to 16.3 mmHg) 
for SAP, 2.9 ± 6.7 mmHg (−10.2 to 16.0 mmHg) for DAP, 
and 1.3 ± 5.7 mmHg (−9.8 to 12.4 mmHg) for MAP.

† R Development Core Team: R: A language and environment for sta-
tistical computing. Vienna, Austria: R Foundation for Statistical Com-
puting. Available at: http://R-project.org. Accessed October 7, 2013.
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monitoring systems in order to inform clinicians about what 
should be expected from these devices in the clinical practice. 
We have identified 28 studies including a total of 919 patients 
for inclusion in this meta-analysis. These studies included 
between 8 and 100 patients, and only two of these studies 
(Ilies et al.10 and Hahn et al.11) included 85 patients or more 
as recommended by the AAMI guidelines. However, even 
though Hahn et al.11 included 100 patients, their study evalu-
ated two versions of the CNAP monitor—software v3.0 and 
v3.5—and only 50 patients only were studied for each ver-
sion of the software. This meta-analysis allowed assessment of 
accuracy and precision on a much larger number of patients, 
increased the power of the study, and allowed subgroup analy-
sis. Because some of these devices have recently been made 
commercially available and because arterial pressure manage-
ment is crucial in the perioperative and critical care setting, it 
is important to have a clear understanding of the accuracy and 
precision of these systems before use in a clinical setting.

The goal of the continuous noninvasive arterial pressure 
monitoring devices is to bridge the gap between noninvasive 
but intermittent and continuous but invasive arterial pres-
sure measurements. However, based on the results from the 
current study, healthcare providers should be cautious when 
using these new technologies. For example, if SAP measured 
using an invasive radial artery catheter was 100 mmHg, SAP 
measured using a currently available continuous noninvasive 
arterial pressure measurement system could range anywhere 
between 74 and 123 mmHg.

Ten8–17 of 14 studies included in this meta-analysis and 
published since 2006 (all focusing on currently commercially 
available devices) cite the AAMI guidelines to calculate sam-
ple size or to define acceptability. Among the 14 remaining 
studies, 541,44,45,49,51 cited these guidelines to define accept-
ability, and 938–40,42,43,46–48,50,52–55 did not use any standards or 
defined arbitrary allowable difference to define acceptability. 

Interestingly, although studies included in this meta-analysis 
defined bias as the instantaneous absolute difference between 
noninvasive and invasive measurements, the AAMI guide-
lines allow a wider range of values to represent “zero error” 
when a new sphygmomanometer is compared with invasive 
measurements. Consequently, the way bias was reported in 
the method-comparison studies using Bland-Altman analy-
sis18,19 would result in a greater mean error and SD than the 
way these standards recommend. One possible reason may 
be that authors cited AAMI standards and replicated previ-
ously published methodologies without reading the original 
reference. It has been reported that approximately 80% of 
authors have not read all the articles they are citing.56 This 
leads to the publication of articles with errors or improper 
citations, which may eventually be responsible for the propa-
gation of misleading knowledge.

It is of major importance for our community to clearly 
define what level of performance should be expected from 
these technologies and how method-comparison studies 
should be conducted and reported. During the past decade, 
the anesthesiology and critical care communities have been 
at the forefront of the evaluation of new noninvasive moni-
toring technologies such as noninvasive cardiac output and 
hemoglobin monitoring systems. Interestingly, these two 
device categories are similar to each other in the way they 
have been developed and tested. After being cleared by 
regulatory agencies, they were released in the market and 
extensively tested by clinical scientists who often published 
controversial results. The lack of consistency in the conduct 
and report of these studies raised awareness of the need for 
better standards for method-comparison studies conducted 
in the perioperative setting.57 The results from the current 
meta-analysis show a similar lack of consistency in the way 
continuous noninvasive arterial pressure monitoring systems 
are tested in clinical studies. Different methodologies have 

Smith, 
198555

FIN FIN1 and 
FIN2

17 OR: CABG (8), aortic 
valve replacement 
(1), craniotomy (4), 
vascular surgery (2), and 
laparotomy (2)

59 (50–78) 17/0 MAP: 0.8 (3.8)

Artrac 7000  = Artrac 7000 (Sentinel Monitoring, Inc., Indianapolis, IN); Colin CNAP-BP-508  = Colin CNAP-BP-508 (Colin Medical Instruments, 
Komaki, Japan); DxTek Device = DxTek (DxTek, Inc., Chestnut Hill, MA); FIN = Prototype of photoplethysmograph inside a finger cuff; FIN1 and 2 
(Biomedical Instrumentation BMI-TNO; Academic Medical Centre, Amsterdam, Holland); FINAP = FINAP (Medisch Fysisch Instituut, TNO, Utrecht, 
The Netherlands); Finapres  = Finapres (Ohmeda, Englewood, CO); Finapress Ohmeda model 2300  = Finapress Ohmeda model 2300 (Ohmeda 
Monitoring Systems, Englewood, CO); Model Finapress 2300 = Model Finapress 2300 (Ohmeda, Boulder, CO); N-CAT = N-CAT (Nellcord, Hayward, 
CA); Nexfin = Nexfin (BMEYE, Amsterdam, The Netherlands); T-Line = T-Line (Tensys Medical, Inc., San Diego, CA); UT9201 = UT9201 (physiograph; 
University of Tartu, Tartu, Estonia); Vasotrac = Vasotrac (Medwave, Arden Hills, MN); 7001 Cortronic device = 7001 Cortronic device (Cor Medical, 
Kings Park, NY).
* Interquartile range. † CNAP (CNSystems Medizintechnik AG, Graz, Austria). ‡ Infinity CNAP SmartPod (Dräger Medical AG & Co. KG, Lübeck, Germany).
CABG = coronary artery bypass grafting; CPB = cardiopulmonary bypass; DAP = diastolic blood pressure; GA = general anesthesia; ICU = intensive care 
unit; IQR = interquartile range; MAP = mean arterial pressure; OR = operating room; RA = regional anesthesia; SAP = systolic arterial pressure.

Table 1.  (Continued )

Reference Device

Model 
Name

or
Software 
Version

Sample  
Size Setting (No. Patients)

Age (yr)
Mean (SD or 

Range)
Median [Range] 

or [IQR]*
Sex

Male/Female

Arterial Pressure 
(mmHg)

Bias (SD)
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but rather to describe the overall accuracy of these technolo-
gies. Interestingly, the results from the sensitivity analysis sug-
gest that there is no significant difference between new devices 
(studies published from 2006) and older technologies.

Finally, our research strategy was limited to studies in Eng-
lish, to PubMed, Web of Science, Cochrane Library, and to 
articles provided by manufacturers, and only included stud-
ies published in peer-reviewed journals and this may induce 
a bias. We purposely limited the search to peer-reviewed pub-
lications in order to avoid low-quality articles. Recent studies 
have suggested that the extent and effect of language bias has 
diminished in recent years because of the shift toward publica-
tion of studies in English even in national journals15 and the 
impact of the inclusion of “gray literature” in meta-analyses is 
still unclear, may itself introduce bias, and has not been evalu-
ated for meta-analyses of method-comparison studies. Because 
we were not able to combine results coming from different sta-
tistical approaches, we only included studies that provided bias 
and SD or LOA. Different search strategies (especially using 
different languages) may have produced different results.

Conclusions
In conclusion, the results from this pooled, weighted 
meta-analysis demonstrate that the overall random-effects 
pooled bias of continuous noninvasive arterial pressure 
compared with invasive arterial pressure measurements was 
−1.6 ± 12.2 mmHg for SAP, 5.3 ± 8.3 mmHg for DAP, and 
3.2 ± 8.4 mmHg for MAP. When analysis was limited to cur-
rently commercially available technologies evaluated since 
2006, the overall random-effects pooled bias was −1.8 ± 12.4 
mmHg for SAP, 6.0 ± 8.6 mmHg for DAP, and 3.9 ± 8.7 
mmHg for MAP. On the basis of these results, these devices 
would not satisfy the standards of the AAMI guidelines. 
However, most studies evaluating these devices did not report 

bias and error the way the AAMI recommended, and follow-
ing the recommendations in that standard would have led 
to significantly lower error values. Considering the impor-
tance of arterial pressure in the management of patients in 
the perioperative and critical care settings, this study suggests 
that there is a need to clearly define how these devices should 
be evaluated and what should be demonstrated to consider 
them acceptable for use in the clinical setting.
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Fig. 3. Funnel plot for studies reporting systolic arterial pressure (SAP), diastolic arterial pressure (DAP), and mean arterial pres-
sure (MAP). Visual inspection and Egger test for bias do not show significant publication bias. Standard error was calculated 
as SD of bias divided by square root of the sample size. Studies reporting bias of SAP (n = 25), DAP (n = 24), and MAP (n = 26) 
were plotted on the X-axis and standard errors are plotted on the Y-axis.
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Appendix 2.  Quality-assessment Sheet

Assessment of Risk of Bias

Article Number Author Year Date Reviewer

Risk of bias is judged as “low,” “high,” or “unclear.” If the answers to all signaling questions for a domain are “yes,” then risk of bias 
can be judged low. If any signaling question is answered “no,” potential for bias exists. Review authors must then use the guidelines 
developed in phase 2 to judge risk of bias. The “unclear” category should be used only when insufficient data are reported to permit 
a judgment.

Patient selection
  Risk of Bias: Could the selection of patients have introduced bias? (Two No = High) Low High Unclear
  Signaling question 1: Were subject population of interest and demographic data described? Yes No Unclear
  Signaling question 2: Were inclusion and exclusion criteria clearly described? Yes No Unclear
  Applicability: Are there concerns that the included patients and setting do not match the  

  review question?
Low High Unclear

Index test (noninvasive continuous blood pressure monitoring)
  Risk of bias: Could the conduct or interpretation of noninvasive continuous blood pressure  

  monitoring have introduced bias?
Low High Unclear

  Signaling question 1: Were noninvasive continuous blood pressure measurements described  
  clearly? (Were calibration, position, and characteristics of monitoring device described clearly?)

Yes No Unclear

  Applicability: Are there concerns that the noninvasive continuous blood pressure monitoring,  
  its conduct, or its interpretation differ from the review question?

Low High Unclear

Reference standard (invasive blood pressure monitoring)
  Risk of bias: Could the invasive blood pressure monitoring, its conduct, or its interpretation  

  have introduced bias?
Low High Unclear

  Signaling question 1: Is the invasive blood pressure monitoring likely to correctly measure  
  blood pressure?

Yes No Unclear

  Applicability: Are there concerns that the target condition as defined by the invasive blood  
  Pressure monitoring does not match the question?

Low High Unclear

Flow and Timing
  Risk of bias: Could the analysis of flow and timing have introduced bias?
  (Unclear: ≥2 unclear, 1 No + 1 unclear) (High: ≥2 No), Not applicable = Yes

Low High Unclear

  Signaling question 1: Were number of patients enrolled and who dropped out clearly  
  described in the result?

Yes No Unclear

  Signaling question 2: Was the noninvasive continuous and invasive blood pressure meas 
  ured simultaneously?

Yes No Unclear

  Signaling question 3: Were the method of acquiring paired measurements well described?  
  (time averaged, beats averaged, or single measurement)

Yes No Unclear

  Signaling question 4: In case of repeated measurements of arterial pressure in patients, did  
  they use statistical analysis for agreement between methods of measurement with  
  multiple observations per individual?

Yes No Unclear

  Signaling question 5: In the case of the bias being described in both the article and figures,  
  do they match, that is, both are (noninvasive minus invasive) or both are (invasive minus  
  noninvasive)

Yes No Not applicable

□ Included □ Excluded; Remark:

Appendix 3.  List of 13 Excluded Studies

Colquhoun DA, Forkin KT, Dunn LK, Bogdonoff DL, Durieux ME, Thiele RH: Non-invasive, minute-to-minute esti-
mates of systemic arterial pressure and pulse pressure variation using radial artery tonometry. J Med Eng Technol 2013; 
37:197–202

Reason: Insufficient or lack of demographic data.

Jagadeesh AM, Singh NG, Mahankali S: A comparison of a continuous noninvasive arterial pressure (CNAP) monitor with 
an invasive arterial blood pressure monitor in the cardiac surgical ICU. Ann Card Anaesth 2012; 15:180–4

Reason: Patient under 18 yr of age (age >16 yr of age).

Stover JF, Stocker R, Lenherr R, Neff TA, Cottini SR, Zoller B, Béchir M: Noninvasive cardiac output and blood pressure 
monitoring cannot replace an invasive monitoring system in critically ill patients. BMC Anesthesiol 2009; 9:6
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Appendix 4.  Results of Quality Assessment by Using Modified QUADAS-2

Risk of Bias Applicability Concerns

Patient  
Selection Index Test

Reference  
Standard

Flow and  
Timing

Patient  
Selec-

tion Index Test
Reference  
Standard

Saugel 201338 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Hohn 20138 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Gayat 201312 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Saugel 201239 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Martina 20129 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Ilies 201210 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Hahn 201211 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Fischer 201213 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Dueck 201240 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Schramm 201141

⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Jagomagi 201142 ⁄ ⁄ ⁄ Ÿ ⁄ ⁄ ⁄
Jeleazcov 201014 ⁄ ⁄ ⁄ Ÿ ⁄ ⁄ ⁄
Biais 201015 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Hager 200943 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Szmuk 200816 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Janelle 200617 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Findlay 200644 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Heard 200045 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Weiss 199646 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Young 199547 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Weiss 199548 ⁄ ⁄ ⁄ Ÿ ⁄ ⁄ ⁄
Siegel 199449 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Novak 199450 ⁄ ⁄ ⁄ ? ⁄ ⁄ ⁄
Searle 199351 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Bardoczky 199252 ⁄ ⁄ ⁄ Ÿ ⁄ ⁄ ⁄
Kurki 198953 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Kurki 198754 ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄
Smith 198555 ⁄ ⁄ ⁄ Ÿ ⁄ ⁄ ⁄
⁄ = low risk; Ÿ = high risk; ?  = unclear risk.
QUADAS = Quality Assessment of Diagnostic Accuracy Studies.

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/120/5/1080/265499/20140500_0-00016.pdf by guest on 29 N

ovem
ber 2021










