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Chapterr 3 

Interobserverr and intraobserver reproducibility of 
peripherall blood and oxygen pressure measurements 
inn the assessment of lower extremity arterial disease 

Jurgenn C. de Graaff, Dirk Th. Ubbink, Dink A. Legemate, 
Robb J. de Haan, Michael J.H.M. Jacobs 

JJ Vase Surg 2001, 33: 1033 -1040. 

Abstract t 
Introductionn Peripheral blood pressure measurements play a prominent role in 
thee diagnosis and follow-up of patients with peripheral vascular diseases. Toe 
bloodd pressure of the hallux (TP1) and second toe (TP2) and transcutaneous 
oxygenn pressure (Tcp02) measurements are becoming more important. The 
ankle/brachiall index (ABPI) is known to be a reliable parameter, but the TP and 
Tcp022 are evaluated less thoroughly. Therefore we evaluated the reproducibility of 
TP1,, TP2, Tcp02, ankle pressure (AP), brachial pressure (BP) and ABPI. 
Methodss In 54 patients with various stages of peripheral vascular disease, the 
intra-intra- and /nter-observer reproducibility of BP, AP, ABPI, TP1 TP2 and Tcp02 was 
investigatedd by calculating, the repeatability coefficient (RC), the intraclass 
correlationn coefficient (ICC) and by Bland-Altman plots. 
Resultss The intra- and /nter-observer reproducibility at one day and after one 
weekweek of BP, AP, ABPI and TP1 were substantial and comparable (ICC range 
0.80-0.99)) except for the BP after one week. The TP2 and Tcp02 were less 
reproduciblee (ICC range 0.62-0.98). The /nter-observer RC of BP was 31 mm Hg, 
off AP: 44 mm Hg, of ABPI: 27 %, TP1: 41 mm Hg, of TP2: 67 mm Hg, and of 
Tcp02:: 30 mm Hg. The difference plot showed that the observer variability was 
equallyy distributed across the range of pressure in all measurements. 
Conclusionss The BP, AP, ABPI and TP1 have a substantial intra- and inter-
observerr reproducibility, whereas TP2 and Tcp02 shows worse reproducibility. 
Especiallyy when low values (or values around a cut-off value) are measured, the 
RCC should be taken into account, and repetition of the measurement is advocated. 
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Introduction n 

Noninvasivee peripheral pressure measurements play a prominent role in the 
diagnosiss and follow-up of peripheral arterial occlusive diseases. In addition to 
anklee systolic blood pressure (AP) and ankle/brachial systolic blood pressure 
indexx (ABPI), toe systolic blood pressure of the hallux (TP1) and transcutaneous 
oxygenn pressure (Tcp02) have won ground particularly in the diagnosis of critical 
legg ischemia (CLI).1'3 In the Second European Consensus document critical leg 
ischemiaa is defined on the basis of clinical findings (rest pain, ulcerations and/or 
gangrene)) and ankle or toe blood pressure measurements.4 Furthermore, Tcp02 

hass been suggested as an adjuvant technique to quantify the severity of the local 
microcirculationn in the ischemic region,14 and to predict the effect of limb salvage 
therapy.5,66 Measurements of the blood pressure in the second toe (TP2) are useful 
afterr amputation of the hallux. 

Thee reproducibility of the ABPI has been evaluated in several studies indicating 
thatt measurements might vary between 9 and 21 %.7'9 The reproducibility of the 
anklee and brachial pressures is considered to be comparable.10 The reproducibility 
off toe pressure1113 and Tcp02

14,15 and are evaluated less thoroughly. 
Insightt in measurement reliability is important in considering therapeutic options, 

evaluationn of therapy and to ascertain progress of disease. The aim of this study 
wass to determine the reproducibility of systolic brachial, ankle and toe blood 
pressuree measurements as well as transcutaneous oxygen pressure and 
ankle/brachiall index in the whole range of clinically relevant values by 
investigatingg patients with various stages of peripheral vascular disease. 

Patientss and methods 

Patients Patients 
Onee hundred and seven legs of 54 patients (mean age: 66 2 yrs; 31 men and 
233 women) were included in this study after informed consent. Patients were 
recruitedd from those sent to our vascular laboratory for the assessment of the 
ABPI,, and were included in case no therapeutical intervention was scheduled 
withinn one week. Patient's risk factors are listed in table 1. The legs of the patients 
showedd different clinical stages of peripheral vascular disease: 26 legs without 
complaints,, 54 legs with intermittent claudication, and 27 legs with rest pain, ulcers 
orr gangrene. Measurements were performed in a temperature-controlled 
environmentt (23 1 , after a resting period of at least 15 min in the supine 
position,, with the ankles at heart level. The legs were covered with blankets to 
avoidd cooling. Conversation was not allowed during the examination to reduce 
measurementt variability. 

Tablee 1 . Presence of risk factors in 54 patients 

Smokingg 59 % 
Diabetess Mellitus 36 % 
Historyy of cerebrovascular attack or temporary ischemic attack 20 % 
Historyy of coronary heart disease 36 % 
Hypertensionn 43 % 
Hypercholesterolemiaa 35 % 
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Methods Methods 
APP at the dorsal pedal and posterior tibial arteries at the level of the ankle was 
measuredd using an 8 Mhz Doppler probe (PV lab, Stöpler, Electric Diagnostic 
Instruments,, Burbank, CA) and a cuff (12 cm) just above the ankle. The ABPI was 
calculatedd by dividing the highest AP pressure by the highest of the left and right 
brachiall pressure (BP). The BP was measured by means of an automatic blood 
pressuree monitor (Criticon, Dinamap™ Plus, Tampa, Fl). 

Thee TP was measured on the hallux (TP1) and second toe (TP2) by means of 
photo-plethysmographyy (PPG, PV lab, Stöpler, Electric Diagnostic Instruments, 
Burbank,, CA) and a digital cuff with a width depending on the diameter of the toe. 
AA cuff width closest to 120% of the diameter of the hallux was chosen (cuff: 1.5, 
2.55 or 3.3 cm, Hokanson, Bellevue, WA). 

Tcp022 (Radiometer, TCM3, Copenhagen, Denmark) was measured at an 
electrodee temperature of , after calibration at 159 mm Hg. The skin was 
cleanedd with alcohol and scales were stripped by means of adhesion tape if 
necessary.. The electrodes were applied to the skin of both feet using the probe 
holderr and contact liquid. The electrode was placed on the dorsum of the foot in 
thee first intermetatarsal space just proximal to the first and second toe or, if this 
wass not possible due to local wounds, on an area of the skin not overlying a bony 
orr tendon structure closest to this place. Tcp02 was recorded after stabilization 
overr a period of 5 minutes by means of a paper writer with a speed of 0.5 cm/min. 

Thee measurements were performed twice by the same observer (JdG; A1 and 
A2)) without removing the cuffs and electrode holder, but after re-calibration of the 
Tcp02.. Subsequently, this was repeated by a second observer (B) in the same 
session,, in which the cuff and holder were replaced and the Tcp02 was re-
calibrated.. After one week the measurements were again repeated twice; by the 
firstt observer (A3) and a third observer (C). Observers A, B and C had the same 
experiencee with the described technique and were registered vascular technicians, 
exceptt for investigator A (JdG) who is a medical doctor working as a research 
felloww at the vascular laboratory. Observers were blinded for the previous results 
off each other's tests. 

Thee /nfra-observer variability on the same day (intra-day) was evaluated by 
comparingg the results of A1 with A2, while the /nfra-observer variability after one 
weekk (intra-week) was evaluated by comparing A1 with A3. The /V?ter-observer 
variabilityy on the same day (inter-day/) and after one week {inter-week) was 
evaluatedd by comparing the results of A1 with B and B with C, respectively. The 
lastt setting reflects clinical practice, i.e. the measurements are performed by 
differentt investigators and after a certain period of time to evaluate therapy or 
progresss of disease. 

Statistics Statistics 
Thee mean difference ((J) between a pair of measurements was expressed with 
theirr 95% confidence limits (Ó*  2sdd). These limits of agreement reflect the 
expectationn that 95% of the differences are less than 2sd. This is also the 
definitionn of a repeatability coefficient (RC), adopted by the British Standard 
Institution.166 The statistical significance of the mean difference was tested with the 
pairedd sample t-tests. 

Bothh intra- and /'nter-observer agreements were assessed by calculating the 
intraclasss correlation coefficient (ICC, two-way mixed, random effect model, 
absolutee agreement) according to the method as described by Bartko.17,18 The 
ICCC is the parametric analogue of the chance-corrected Kappa measurement of 
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agreement.19200 The ICC not only assesses the strength of linear correlation 
betweenn two measurements, but also detects systematic error.19 The ICC value 
cann be arbitrarily interpreted as: 'poor' (< 0.20), 'fair' (0.21 - 0.40), 'moderate' 
(0.411 - 0.60), 'substantial' (0.61 - 0.80), and 'almost perfect' (0.81 -1.00).2021 

Additionally,, a Bland-Altman plot was made showing the differences between two 
measurementss against their mean to check whether the error of measurement 
wass independent of the magnitude of the mean score.22 The strength of the 
relationshipp between the score differences and their mean was indicated by the 
slopee of a regression line. 

Results s 

Meann pressures at the first visit by investigator A, classified according to the 
severityy of vascular disease, are presented in table 2. The histograms depicting 
thee differences between repetitive measurements showed a normal distribution 
(graphss not presented). Table 3 presents the mean differences (d with sdd), RC 
andd ICC of the repetitive measurements. After one week the BP, AP and TP1 
valuess were slightly but significantly lower, as measured by the same as well as 
byy two different investigators (table 3). In addition, both the intra- and inter-
observerobserver reproducibility after 1 week tended to be worse than when investigated 
onn the same day. This was true for all pressures except for the TP1 and TP2. 
Furthermore,, the TP1 as measured by investigator A was significantly lower than 
whenn measured by B (inter-datf. The ABPI, Tcp02 and TP2 were not significantly 
differentt between the various measurements. 

Thee reproducibility of BP, AP, ABPI, and TP1 was 'substantial' to 'almost 
perfect'' in all situations (ICC range 0.75 - 0.99, table 3), except for the intra-week 
off the BP which was somewhat lower (0.69). In general, the reproducibility of TP2 
andd Tcp02 in all settings was lower than the other parameters. 

Inn figure 1 the differences between measurement B and C (inter-week) are 
plottedd against the mean of both measurement. The regression lines in all figures 
indicatee that the variability in the pressure scores were independent of the 
magnitudee of the pressure values (beta coefficients; figure 1) There were four 
clearr outliers in both the AP (figure 1b) and ABPI (figure 1c), which were caused 
byy the fact that one investigator could detect an ankle artery pressure while the 
otherr investigator could not. The plots of the intra-day, intra-week and inter-day 
showedd the same tendency. 

Tablee 2. Measurements taken at the first assessment by investigator A 

Asymptomatic c 

Intermittent t 
claudication n 

Restt pain, ulcers or 
gangrene e 

no o 
legs s 

26 6 

54 4 

27 7 

BP P 
mmm Hg 
(sd) ) 

147(20) ) 

148(25) ) 

148(25) ) 

AP P 
mmm Hg 
(sd) ) 

1511 (28) 

112(29) ) 

722 (17) 

ABPI I 
% % 
(sd) ) 

101(14) ) 

744 (20) 

47(12) ) 

TP1 1 
mmm Hg 
(sd) ) 

966 (28) 

688 (25) 

24(19) ) 

TP2 2 
mmm Hg 
(sd) ) 

933 (32) 

677 (29) 

28(18) ) 

Tcp02 2 

mmm Hg 
(sd) ) 

49(10) ) 

47(12) ) 

33(17) ) 

Meann systolic brachial pressure (BP), ankle systolic Doppier pressure (AP), ankle/brachial 
indexx (ABPI), toe systolic pressure of the hallux (TP1) and second toe (TP2) and 
transcutaneouss oxygen pressure (Tcp02) with standard deviations (sd) in the legs suffering 
fromm different stages of vascular disease, measured at first assessment by investigator A. 
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Tablee 3. Variation of the measurements 

66 (mm Hg)* sdd (mm Hg)* RC(mm Hg)* p-value ICC 

BP P 
Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

r r 
Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

BPI I 
Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

PI I 
Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

P2 2 
Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

cpu2 2 

Intra-day y 
Intra-week k 
Inter-day y 
Inter-week k 

-0.1 1 
++ 7.7 
++ 2.1 
++ 4.7 

++ 0.4 
++ 6.4 
-0.1 1 
++ 5.8 

-0.3 3 
++ 1.0 
-1.3 3 
++ 1.6 

++ 0.6 
++ 3.7 
-7.2 2 
++ 6.8 

-0.6 6 
++ 0.5 
-7.2 2 
-5.3 3 

-0.1 1 
-0.8 8 
0.0 0 
-0.1 1 

9 9 
16 6 
13 3 
16 6 

5 5 
20 0 
18 8 
23 3 

4 4 
11 1 
10 0 
14 4 

5 5 
13 3 
17 7 
21 1 

6 6 
23 3 
27 7 
34 4 

7 7 
13 3 
11 1 
15 5 

17 7 
31 1 
26 6 
31 1 

10 0 
39 9 
35 5 
44 4 

9 9 
22 2 
20 0 
27 7 

10 0 
25 5 
33 3 
41 1 

12 2 
46 6 
52 2 
67 7 

14 4 
25 5 
21 1 
30 0 

0.93 3 
<< 0.001 
0.10 0 
<0.01 1 

0.35 5 
<0.01 1 
0.94 4 
0.02 2 

0.52 2 
0.43 3 
0.20 0 
0.27 7 

0.24 4 
0.01 1 
<< 0.001 
<0.01 1 

0.38 8 
0.86 6 
0.10 0 
0.17 7 

0.94 4 
0.52 2 
0.97 7 
0.94 4 

0.93 3 
0.69 9 
0.85 5 
0.75 5 

0.99 9 
0.85 5 
0.90 0 
0.85 5 

0.98 8 
0.89 9 
0.92 2 
0.87 7 

0.99 9 
0.92 2 
0.88 8 
0.85 5 

0.98 8 
0.77 7 
0.74 4 
0.68 8 

0.89 9 
0.68 8 
0.77 7 
0.62 2 

Meann difference {(J), standard deviation of differences (SD<j), repeatability (RC, 2 x SDd), 
andd intraclass correlation coefficient (ICC), and probability value (p) of the Student's t test 
forr paired samples. * Values of the ABPI are expressed in percentages. 

Discussion n 

Thiss study shows that the reproducibility on the same day and after one week of 
thee brachial, ankle, toe pressure and ABPI is substantial, whereas the 
reproducibilityy of the pressure of the second toe and Tcp02 is moderate. Despite 
thiss good reproducibility, the absolute variation is larger than assumed thus far 
(approximatelyy 15%),7®'10'23'24 but is in accordance with the values as presented by 
Bakerr and Dix.9 This larger variation is mainly caused by the study design and the 
wayy of calculating the variability. In this study not only the /'nfra-observer 
measurementt variability is evaluated, but also the biological fluctuation over time 
andd /'nter-observer variability is considered, which is more like the clinical practice. 
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Figuree 1a 
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Meann BP, inter-observer after one week (mm Hg) 

Figuree 1b 

00 25 50 75 100 125 150 175 200 225 250 

Meann AP, inter-observer after one week (mm Hg) 

Figuree 1. 
DifferenceDifference plot of one-week 
inter-observerinter-observer variation of the 
brachialbrachial systolic pressure (BP, 
figfig 1a), ankle systolic pressure 
(AP,(AP, fig 1b), ankle brachial 
indexindex (ABPI, fig 1c), toe 
pressurepressure (TP1, fig 1d and TP2 
figfig 1e) and transcutaneous 
oxygenoxygen pressure (Tcp02 fig 
If).If). The difference between the 
secondsecond (B) and fourth (C) 
measurementmeasurement is plotted against 
thethe mean of these 
measurements.measurements. The regression 
lineline of the differences (drawn 
line)line) and repeatability 
coefficientcoefficient (RC, dotted lines) 
areare drawn. The regression 
lineslines were not significant: 
betabeta coefficients and p-values 
ofof figure: 
1a:1a: 0.15, p= 0.17, 
1b:1b: 0.05, p= 0.63, 
1c:1c: -0.10, p= 0.34, 
1d:1d: 0.13, p= 0.24, 
1e:1e: -0.12, p= 0.30, 
1f:1f: -0.20, p= 0.08. 

Figuree 1c 
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Figuree 1d 
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Figuree 1e 

00 25 50 75 100 125 150 175 200 225 250 

Meann TP2. inter-observer after one week (mm Hg) 

Figuree 1f 

II .25 
E E 
E E 

Meann Tcp02, inter-observer after one week (mm Hg) 



466 Chapter 3 - Reproducibility of peripheral pressure measurements 

Inn our study and practice an automatic system was used for the measurement of 
brachiall systolic blood pressure for the calculation of the ABPI rather than the 
standardd hand-held Doppler. Nevertheless, this would not have influenced the 
results,, because previous investigations showed that the systolic blood pressures 
measuredd with the Dinamap were not significantly different from the Doppler 
methodd and that the corresponding ABPI values were similar.25 

Thee accuracy of the systolic toe blood pressure measurements has only been 
evaluatedd using strain gauge plethysmography1113 The reproducibility of toe blood 
pressuree as described in the literature varies from comparable12 to less 
reproduciblee than ankle or brachial blood pressure.13 This study demonstrates that 
toee blood pressure measurements of the hallux are equally reproducible as 
comparedd with the brachial pressure, ankle pressure and ABPI (the ICC's are 
corresponding),, and that the variation is equally distributed across the range of 
pressures.. It should be kept in mind that the reproducibility of toe pressure in the 
secondd is considerable lower than that of the hallux. 

Thee Tcp02 is important in the diagnosis and follow up of patients with critical leg 
ischemiaa and in the determination of amputation level in patients with 
unreconstructablee arterial insufficiency.26 The reproducibility of the Tcp02 has not 
yett been described in terms of RC thus far, while the coefficient of variation 
(expressedd as the sd divided by the mean of several measurements) varies 
betweenn 21 and 42%.14'15-27-30 The Tcp02 measurements appears to be less 
reproduciblee than the other parameters and its reproducibility after one week, 
whenn performed by different investigators, moderate. However, comparing ICC's 
off different techniques should be done with caution. The magnitude of ICC 
dependss on the magnitude of the variance attributable to between-subject 
differences,, and a relatively large RC can exist despite a high ICC.31 The variance 
off the Tcp02 is smaller than the variance of the ankle, brachial and toe pressure 
andd ABPI. Considering this, the smaller ICC of the Tcp02 cannot directly be 
comparedd with the other techniques. 

Thee RC of Tcp02 is considerably large (30 mm Hg). The variance in Tcp02 

couldd be influenced by instrumental, biological and methodological variation. The 
instrumentall variation is relatively small (3 mm Hg).26 The biological variation of 
Tcp022 is greater than the biological variation of the blood pressure parameters, 
becausee the Tcp02 is a microcirculatory parameter which is influenced by both 
centrall (cardiovascular and pulmonary status) and local factors (local blood flow, 
skinn metabolic activity, and diffusion conditions such as epidermal thickness and 
composition)) as opposed to the other pressure parameters, being influenced 
mainlyy by central pressure factors. Local flow has a relatively great influence on 
Tcp02,, since the Tcp02 is flow dependent via the circulatory hyperbola;32 this 
meanss that in situations in low flow states, such as severe ischemia, a relative 
smalll increase in flow results in a dramatic increase in Tcp02 Surprisingly this was 
nott confirmed by our data. In this study we found a relatively small contribution of 
thee biological variation in the lower pressure ranges, since the variation was 
equallyy distributed across the whole range of clinically relevant values. 

Wee found a small but significantly lower ankle and toe pressure of the hallux 
afterr one week in both the intra- and Znter-observer setting. This could not be 
explainedd by the observer bias since the investigators were unaware of the 
resultss of previous investigations. Furthermore, the brachial pressure, which was 
alsoo lower after one week, is measured automatically and could not be influenced 
byy foreknowledge or progress of disease. Apparently, on the second day of 
examinationn the patient is reassured by the experience of previous investigation. 
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Thiss same phenomenon could also have caused the low ICC (0.69) for the 
brachiall pressure measured after one week by the same observer. The 
significantlyy higher blood pressure of the hallux might be caused by the increase in 
temperaturee of the toe during the examination, since toe pressure is known to be 
temperaturee dependent.33 

Thee influence of the examiner on the variance is not likely to have a great 
influencee on the variability and can be estimated from the difference in ICC 
betweenn the intra and inter of each individual item. The ICC of the intra-day is 
betterr than the ICC of the inter-day in all investigations. Furthermore, examiner 
variancee was not when evaluating the intra- and inter- observer variability after 
onee week. In the Doppler measurements the differences between examiners could 
bee due to a different hearing ability and a different probe used. In the toe blood 
pressuree measurements the size of the cuff (especially the second toe) which was 
too the discretion of the investigator, might have influenced the inter-observer 
variation,, while the detection of the reappearance of blood in the toe at low 
pressuress is hampered by a poor signal-to-noise ratio. The position of the Tcp02 

probee on the foot (although it was instructed to use the first intermetatarsal space) 
mightt have had some influence on the Tcp02 results, since these measurements 
aree influenced by the thickness of the skin. 

ClinicalClinical implementation 
Thee variability of repeated measurements appreciating the presence and severity 
off peripheral ischemia has important consequences for the clinical practice. The 
vascularr tests are mainly performed by different vascular technologists in a 
vascularr laboratory. Therefore /'nter-observer variability after one week (inter-
week)week) should be taken into account when interpreting the results of a vascular 
laboratory.. For this purpose the RC is most relevant as it indicates when the 
differencee between two measurements can be interpreted as significant. A 
significantt difference between two measurements, i.e. a difference larger than the 
RC,, indicates that this difference is not caused by the variation of the 
measurementt itself, but by a change in the clinical situation, e.g. when the 
treatmentt has been successful or the disease has progressed. A RC of 44 mm Hg 
indicatess that two ankle pressure measurements that differ less than 44 mm Hg 
cannot,, with a certainty of more than 95%, be considered to be really different; a 
differencee less than 44 mm Hg could also be caused by measurement variation. 

Secondly,, the variability is also important for values around a certain cut-off 
value.. In case the result is within the range of the cut-off value (plus or minus the 
RC)) the result of one measurement should be interpreted with caution and a 
secondd measurement is advocated. The second should be performed preferably 
byy a different observer on another day, since this variation is the larger. Since the 
truee value is not known, the mean of two completely different measurements is the 
bestt approximation of the true value. Of all, this is important when using Tcp02 to 
aidd in the indication for amputation or the determination of an amputation level. In 
aa previous study this differentiation in levels of certainty was taken into account by 
applyingg three different certainty levels using probability levels (a low, 
intermediatee and high probability around the cut-off value) for toe pressure and 
Tcp02,, for the purpose of indicating the need for invasive therapy in patients 
criticall leg ischemia.1 
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Inn conclusion, the ankle and toe blood pressure parameters are well 
reproducible,, comparable to the reproducibility of brachial pressure and 
ankle/brachiall index. The TcpOa is moderately reproducible. When interpreting the 
resultss of peripheral pressure measurements the RC should be taken into account. 
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