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Toe pressure should be part of a vascular surgeon’s first-line
investigation in the assessment of lower extremity artery disease and
cardiovascular risk of a patient

Mirjami Laivuori, MD,? Harri Hakovirta, MD, PhD,? Petteri Kauhanen, MD, PhD,? Juha Sinisalo, MD, PhD,
Reijo Sund, MSocSc, PhD,“ Anders Alback, MD, PhD,? and Maarit Venermo, MD, PhD,? Helsinki, Turku, and
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ABSTRACT

Objective: Toe pressure (TP) is an accurate indicator of the peripheral vascular status of a patient and thus cardiovascular
risk, with less susceptibility to errors than ankle-brachial index (ABI). This study aimed to analyze how ABI and TP
measurements associate with overall survival and cardiovascular death and to analyze the TP of patients with ABI of 0.9
to 13.

Methods: The first ABl and TP measurements of a consecutive 6784 patients treated at the Helsinki University Hospital
vascular surgery clinic between 1990 and 2009 were analyzed. Helsinki University Vascular Registry and the national
Cause of Death Registry provided the data.

Results: The poorest survival was in patients with ABI >1.3 (10-year survival, 15.3%; hazard ratio, 2.2; 95% confidence in-
terval, 1.9-2.6; P < .0001; reference group, ABI 0.9-1.3), followed by the patients with TP <30 mm Hg (10-year survival, 19.6%;
hazard ratio, 2.0; 95% confidence interval, 1.7-2.2; P < .0001; reference group, TP =80 mm Hg). The best 10-year survival
was in patients with TP =80 mm Hg (43.9%). Of the 642 patients with normal ABI (0.9-1.3),18.7% had a TP <50 mm Hg.
The highest cardiovascular death rate (64.6%) was in the patients with TP <30 mm Hg, and it was significantly lower than
for the patients with TP >50 mm Hg.

Conclusions: Low TP is associated significantly with survival and cardiovascular mortality. Patients with a hormal ABI may
have lower extremity artery disease (LEAD) and a considerable risk for a cardiovascular event. If only the ABI is measured
in addition to clinical examination, a substantial proportion of patients may be left without LEAD diagnosis or adequate
treatment of cardiovascular risk factors. Thus, especially if ABI is normal, LEAD is excluded only if TPs are also measured
and are normal. (J Vasc Surg 2021;73:641-9.)
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Lower extremity artery disease (LEAD) is an indicator of
generalized atherosclerosis.! Early diagnosis is important
for timely treatment, initiation of secondary prevention,
and thus improved prognosis for the patient’ The
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ankle-brachial index (ABI) is a basic tool in diagnosis of
LEAD,® but it is prone to errors. In patients with medial
arterial calcification, the ankle pressure is immeasurable
or falsely high,” which is the case in 30% of the patients
with chronic limb-threatening ischemia (CLTI).> There-
fore, if ABI is the sole noninvasive measurement used
alongside clinical assessment, a significant group of pa-
tients may be left without further diagnostic investiga-
tions or treatment.

Toe pressure (TP) can be measured alongside the

ABI noninvasively. Arterial pressure measured from
the toe is less susceptible to error caused by medial
arterial calcification because it is minimal in the dig-
ital arteries.® Information is also provided on the
vascular status of the foot. Photoplethysmography
and laser Doppler are the principal methods used
in the measurement of TP. Previous studies have
brought up the question of reliability and repeat-
ability of TP measurement with various devices.”
Because of this, studies in which TP is measured in
a standardized manner and based on a larger num-
ber of patients have been called for.®
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The association between ABI and survival has been
studied widely.? There is markedly less evidence of the
relationship between TP and survival and cardiovascular
risk. Therefore, this study aimed to analyze how ABI and
TP measurements compare in the association with sur-
vival and cardiovascular mortality.

METHODS

The data for this retrospective registry-based study
were collected from the Helsinki University Vascular Reg-
istry (HUSVASC) and the Causes of Death Registry of Sta-
tistics Finland using individual identity codes. The study
has the approval of the University of Helsinki and the
Institutional Review Board of Helsinki University Hospital
(§45/5.8.2015). Because of the nature of the study,
informed consent from the patients was not needed.

Vascular laboratory. TP and ankle pressure are
routinely measured from all patients visiting the vascular
surgery clinic of Helsinki University Hospital because of
LEAD. The measurement is completed in the vascular
laboratory by trained nurses in a standardized environ-
ment and manner according to current guidelines.'®
During the measurement, the patient is in a supine po-
sition with feet at heart level. Toes are routinely warmed
before the measurement. Heating was carried out by a
heating pad originally, but the method has been
changed to the use of a heated probe." The systolic
arterial pressure values from all four limbs and big toes
are registered, and ABI is calculated for each side. If the
ABl measurements are unreliable, the results are
confirmed with manual measurement.

TP measurements have been carried out with either
the photoplethysmography method (Nicolet VasoGuard;
Nicolet Vascular Inc, Madison, Wisc) or the laser Doppler
method (PeriFlux System 5000; Perimed, Stockholm,
Sweden). Photoplethysmography was used until 2015
and laser Doppler since 2007, so both methods were in
use during 2007 to 2015.

HUSVASC. The vascular surgery clinic serves the popu-
lation of the Helsinki metropolitan area (1.2 million) on
all matters of diagnostics and treatment requiring a
vascular surgeon. Since 1990, vascular laboratory mea-
surements have been registered to the vascular registry.
The vascular laboratory information includes the abso-
lute values of ankle pressure, TP, and arm pressure as
well as ABIs and toe-brachial index. The ABI and TP
data from the HUSVASC form the basis of this study. The
registry also includes most of the vascular interventions
that the patients have undergone during the study
period.

Data selection and patient grouping. The material con-
sists of all the registered, consecutive measurements
from January 1, 1990, to December 31, 2009. The data
from 1990 to 2000 contain mostly ABI values. Since
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Key Findings: Low toe pressures (TPs) were associ-
ated significantly with long-term survival and cardio-
vascular mortality in a data set of 3426 patients. Of
the 642 patients with ankle-brachial index of 0.9 to
1.3,18.7% had a TP <50 mm Hg.

Take Home Message: The diagnosis of lower extrem-
ity artery disease should routinely include TP mea-
surements to avoid undertreatment of patients,
especially when ankle-brachial index does not indi-
cate severe lower extremity artery disease.

retrospective

2000, TP has been measured and registered routinely
alongside the ABI from all patients thought to have
LEAD. If one patient had several measurements, we
used the values from the first registered measuring ses-
sion because we wanted to analyze the baseline mea-
surements for each patient before possible
revascularization. All patients undergo ABI and TP mea-
surements at least once before any possible intervention.
The measurements that were taken after the baseline
measurements were discarded from the material. The
limb with the lower ABI was included in the comparing
analysis if the lowest ABI and TP were not in the same
limb. The patients with at least one intervention for the
treatment of LEAD documented in the registry were
grouped as having had an intervention.

The patients were analyzed in four ABI and TP groups,
as follows: the ABI groups were <0.5, 0.5 to 0.89, 0.9 to
13, and >13. The TP groups were determined
as <30 mm Hg, 30 to 49 mm Hg, 50 to 79 mm Hg, and
=80 mm Hg. ABlI <05 is a cutoff point for critical
ischemia, and ABI 0.9 to 13 is the range of a normal
ABI.'*"® Patients with rest pain usually have TP <30 mm
Hg, and 50 mm Hg is a critical cutoff point for wound
healing.”®

Causes of death data. The causes and dates of death
were provided for each individual patient by the Cause
of Death Registry of Statistics Finland. The registry is
based on death certificates of permanent residents of
Finland. The coverage is very good; annually, only 0.1%
to 0.5% of death certificates are missing.'” The causes
of death are included until the end of 2013; however,
dates of death are included until the end of 2014. The
causes of death were divided according to the Interna-
tional Classification of Diseases, Tenth Revision classifi-
cation. The deaths caused by cardiovascular disease
were analyzed separately.

Diabetes medication data. The Social Insurance Insti-
tution provided the data of oral and injectable diabetes
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medication purchases according to each patient’s social
security number between 2000 and 2014. The diabetes
medication included medicine with the codes ATOAB
to ATOAF and ATOBA to A10BX according to the Anatom-
ical Therapeutic Chemical classification. Patients were
categorized as having diabetes if they had purchased
at least one package of diabetes medication during the
selected time period.

Statistical analysis. The statistical analyses were carried
out using SPSS Statistics version 24 (IBM, Armonk, NY).
Baseline characteristics were compared using ¥ test
for categorical variables and one-way analysis of vari-
ance test for continuous variables. A subgroup analysis of
the patients with a normal ABI (0.9-1.3) was done to
assess the TP values and association of TP with survival in
this group. Kaplan-Meier survival analysis was used for
the unadjusted model, and Cox proportional hazards
model was used to determine the age- and sex-adjusted
survival and hazard ratio (HR) in each group. A subset of
the data including only patients from 2000 to 2009 was
analyzed separately. For these patients, a survival analysis
was performed that included adjustment for diabetes
medication. Results were considered statistically signifi-
cant at P < .05.

The assumption of proportional hazards was checked
with R version 343 (R Foundation for Statistical
Computing, Vienna, Austria) using a test based on
Schoenfeld residuals and visual inspection. With ABI,
there were no indications of violation of the assumption.
However, with TP, there was a possibility for nonpropor-
tionality. Visual inspection suggested that the effect
might be slightly smaller during the first 2 years than
during the later follow-up. As the violation was not se-
vere, we estimated the Cox model again, stratifying by
age and sex and calculating robust standard errors. This
did not, however, change the results significantly. The
HRs should be interpreted as average effects during
the follow-up, meaning in this case that actual differ-
ences could be a bit larger than what we report on the
basis of our conservative approach.

RESULTS

Baseline characteristics. The original data included
24,894 measuring sessions from 6784 patients during
the years 1990 to 2009. During the first recorded session,
6761 patients had ABI measured and 3426 had TP
measured. These measurements were used in the anal-
ysis. The median follow-up time was 6.3 (range, 0-24)
years after ABI and 6.1 (range, 0-18) years after TP mea-
surements. Table | shows the mean age and sex ratio in
each TP and ABI group.

Association of ABI with survival. Table Il shows the
unadjusted median survival of patients in each ABI
group. The median survival was higher in the groups with
higher ABI. The patient group with ABI >1.3 formed an
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exception; this group has the lowest median survival of
only 3.3 years. The best survival was in the patient group
with ABI of 0.9 to 13, being 8.9 years. The unadjusted
cumulative survival probabilities with standard error in
the four ABI groups are presented in Supplementary
Table | (online only).

The age- and sex-adjusted 10-year survival for the pa-
tients with ABI <0.5, 0.5 to 0.89, 0.9 to 1.3, and >1.3 was
27.6%, 38.3%, 43.2%, and 15.3%, respectively. Compared
with ABI of 0.9 to 1.3, ABI >1.3 was the most significant
factor predicting mortality (HR, 2.2; 95% confidence in-
terval [Cl], 1.9-2.6; P < .0001), followed by <05 (HR, 1.5;
95% CI, 1.4-17; P < .0001) and 05 to 0.89 (HR, 1.1; 95%
Cl, 1.0-1.2; P = .003). The differences in patient outcome
on different ABI levels are illustrated by the age- and
sex-adjusted Cox proportional hazards models in Fig 1.

When ABI measurements were analyzed as a contin-
uous variable, the age- and sex-adjusted HR was 0.924
(95% ClI, 0.856-0.996; P = .039).

The age- and sex-adjusted survival according to ABI re-
sults for patients measured after 1996 who also had TP
measurements available is presented in Supplementary
Fig 1 (online only).

Association of TP with survival. The unadjusted me-
dian survival with 95% ClIs in the four TP groups is
depicted in Table Il. For the patients with TP <30 mm
Hg, the median survival was only 3.8 years, whereas it was
9.6 years in the patients with TP >80 mm Hg. The un-
adjusted cumulative survival probabilities in each TP
group are presented in Supplementary Table Il (online
only).

The 10-year age- and sex-adjusted survival for the pa-
tients with TP <30 mm Hg, 30 to 49 mm Hg, 50 to
79 mm Hg, and =80 mm Hg was 19.6%, 27.8%, 39.0%,
and 43.9%, respectively. Compared with TP =80 mm
Hg, the highest association with mortality was in patients
with TP <30 mm Hg (HR, 2.0; 95% ClI, 1.7-2.2; P < .0001),
followed by 30 to 49 mm Hg (HR, 1.6; 95% CI, 1.4-1.8;
P < .0001) and 50 to 79 mm Hg (HR, 1.1; 95% CI, 1.0-1.3;
P = .053). Fig 2 shows the age- and sex-adjusted Cox pro-
portional hazards models according to TP as well as the
age- and sex-adjusted 5- and 10-year survival rates.

When TP measurements were analyzed as a contin-
uous variable, the age- and sex-adjusted HR was 0.992
(95% ClI, 0.991-0.993; P < .0001).

Association of TP with survival in patients with ABI of
0.9 to 1.3. There were 642 patients who had a normal ABI
(0.9-1.3); 120 (18.7%) of them had TP <50 mm Hg. More-
over, 282 patients (43.9%) had TP <80 mm Hg. The unad-
justed median survival of patients with TP <50 mm Hg
was 3.9 years (95% ClI, 2.7-5.1 years); for patients with TP
of 50 to 79 mm Hg, 7.3 years (95% CIl 5.8-8.9 years); and
for patients with TP =80 mm Hg, 9.9 years (95% ClI,
9.0-10.8 years). The unadjusted cumulative survival
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Table I. Age and sex distribution of patients according to ankle-brachial index (ABI) and toe pressure (TP)

Female 1365 (50) 929 (37) 338 (27) 98 (40) <.0001°

Total 2734 2526 1256 245

Female 352 (45)

554 (50)

356 (40) 192 (30) <.0001°

Total 1104 780

895 647

1.0

0.8+

0.6

Cum Survival

0.4

0.2+

0.0

ABI group
0.9-1.3
----- 0.5-0.89
""" <0.5
>1.3
ABI 5-year 10-year Hazard ratio
’ : p-value
group survival survival (95% CI)
<0.5 56.8% 27.6% 1.5(1.4-1.7) <0.0001
0.5-0.89 65.6% 38.3% 1.1(1.0-1.2) 0.003
0.9-1.3 69.2% 43.2% reference
>1.3 43.8% 15.3% 2.2 (1.9-2.6) <0.0001

T
6

Follow-up time

o
~
&
P
3

Fig 1. Survival plot for ankle-brachial index (ABI). The 12-year survival in the four ABI groups. Age- and sex-adjusted
Cox proportional hazards model according to ABI level with 5- and 10-year survival, hazard ratios (HRs) with 95%
confidence intervals (Cls), and P values. To obtain the HR, the other ABI groups were compared with the group
with ABI of 0.9 to 1.3. P values were calculated using the Wald test. The analysis included 6761 patients in total.

probabilities in the three TP groups are presented in
Supplementary Table Il (online only).

The 10-year age- and sex-adjusted survival for the pa-
tients with TP <50 mm Hg, 50 to 79 mm Hg, and
=80 mm Hg was 19.6%, 40.3%, and 48.4%. Compared
with the patients with TP =80 mm Hg, the HR was
23 (95% ClI, 1.8-3.0; P < .0001) for the patients with
TP <50 mm Hg and 1.3 (95% CI, 1.0-1.6; P = .083) for
the patients with TP of 50 to 79 mm Hg. The age- and
sex-adjusted Cox proportional hazards models accord-
ing to TP as well as the hazard ratios and 5- and 10-year
survival rates of patients with ABI of 0.9 to 1.3 are shown
in Fig 3.

The impact of diabetes on the association of ABI and
TP with survival. There were 4130 patients included in
the study between 2000 and 2009. Of these, 1214
(29.49%) had purchased at least one package of diabetes
medication during the study period and were catego-
rized as having diabetes. The distribution of diabetes
medication use in the ABI and TP groups is shown in
Supplementary Table IV (online only). Compared with
the patient group with ABI of 0.9 to 1.3, the age-, sex-, and
diabetes-adjusted HR of patients with ABI <0.5 was 1.5
(95% CI 1.4-1.7; P < .0001); with ABI of 0.5 to 0.89,1.2 (95%
Cl 11-1.4; P < .0001); and with ABI >1.3, 2.1 (95% CI 1.7-2.6;
P < .0001).
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Table Il. Survival of patients according to ankle-brachial index (ABIl) and toe pressure (TP)

<0.5 2734 53 (5.0-5.5) <30 1104 3.8 (3.4-4.1)
0.5-0.89 2526 7.8 (7.3-8.2) 30-49 780 5.7 (5.0-6.3)
0.9-13 1256 8.9 (8.3-9.6) 50-79 895 8.0 (7.3-8.7)
>13 245 3.3 (2.7-4.0) =80 647 9.6 (8.8-10.4)
Cl, Confidence interval.
Unadjusted median survival of patients in each ABI and TP group from the Kaplan-Meier analysis.
1.04 TP group
280 mmHg
————— 50-79 mmHg
D I N et 30-49 mmHg
<30 mmHg
T 0.6+
2 )
& 5-year 10-year Hazard ratio
‘g TP group survival survival (95% CI) p-value
3 0.4
<30 mmHg 48.5% 19.6% 2.0(1.7-2.2) <0.0001
0. 30-49 mmHg 56.6% 27.8% 1.6 (1.4-1.8) <0.0001
50-79 mmHg 65.8% 39.0% 1.1 (1.0-1.3) 0.053
0.0 >80 mmHg 69.4% 43.9% reference

T T T T T T
0 2 4 6 8 10

Follow-up time

Fig 2. Survival plot for toe pressure (TP). The 12-year survival in the four TP groups. Age- and sex-adjusted Cox
proportional hazards model according to TP with 5- and 10-year survival, hazard ratios (HRs) with 95% confidence
intervals (Cls), and P values. To obtain the HR, the other TP groups were compared with the group with TP

=80 mm Hg. P values were calculated using the Wald test. The analysis included 3426 patients in total.

There were 3012 patients who had TP measured during
the first measuring session between 2000 and 2009.
Compared with the patients with TP =80 mm Hg
(Supplementary Fig 2, online only), the age-, sex-, and
diabetes-adjusted HR of patients with TP <30 mm Hg
was 1.8 (95% ClI, 1.6-2.1; P < .0001); with TP of 30 to
49 mm Hg, 1.5 (95% ClI, 1.3-1.7; P < .0001); and with TP of
50 to 79 mm Hg, 1.1 (95% CI, 1.0-1.3; P = .109).

There were 614 patients with ABI of 0.9 to 1.3 and a TP
measurement from the first visit between 2000 and
2009. Of them, 18.1% had TP <50 mm Hg. Compared
with the patients with ABI of 0.9 to 1.3 and TP =80 mm
Hg, the age-, sex-, and diabetes-adjusted HR was 2.4
(95% CI, 1.9-3.2; P < .0001) for patients with ABI of 0.9 to
1.3 and TP <50 mm Hg and 1.3 (95% CI 1.0-1.7; P = .030)
for patients with ABI of 0.9 to 13 and TP of 50 to
79 mm Hg.

The impact of interventions on the association of ABI
and TP with survival. There were 5420 (80.1%) patients
who had undergone a lower limb intervention during
the study period. The distribution of patients who had
a revascularization in the ABI and TP groups is shown

in Supplementary Table V (online only). Compared with
the patients with ABI of 0.9 to 13, the age-, sex-, and
lower limb intervention-adjusted HR of patients with
ABI <0.5 was 1.4 (95% CI, 1.3-1.6; P < .0001); for ABI of 0.5 to
0.89,1.1 (95% CI, 1.0-1.2; P = 129); and for ABI >13, 2.1 (95%
Cl, 1.8-2.5; P < .0001).

Compared with the patients with TP =80 mm Hg
(Supplementary Fig 3, online only), the age-, sex-, and
lower limb intervention-adjusted HR of patients with
TP <30 mm Hg was 2.0 (95% ClI, 1.7-2.3; P < .0001); for
patients with TP of 30 to 49 mm Hg, 1.6 (95% ClI, 1.4-1.8;
P < .0001); and for patients with TP of 50 to 79 mm Hg,
1.2 (95% CI, 1.0-1.3; P = .042). Compared with the patients
with ABI of 0.9 to 13 and TP =80 mm Hg, the age-,
sex-, and lower limb intervention-adjusted HR was 2.1
(95% ClI, 1.6-2.8; P < .0001) for patients with ABI of 0.9
to 1.3 and TP <50 mm Hg and 12 (95% CI, 0.9-1.6;
P = 144) for patients with ABI of 0.9 to 1.3 and TP of 50
to 79 mm Hag.

Causes of death. At the end of follow-up, 4909 (72.4%)
patients had died. There were 4451 patients with ABI and
an underlying cause of death recorded. The overall
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Fig 3. Survival plot for toe pressure (TP) in patients with ankle-brachial index (ABI) of 0.9 to 1.3. The 12-year survival
of patients with normal (0.9-1.3) ABI according to TP group. Age- and sex-adjusted Cox proportional hazards
model with 5- and 10-year survival, hazard ratios (HRs) with 95% confidence intervals (Cls), and P values. P values
were calculated using the Wald test. The analysis included 642 patients in total.

proportion of cardiovascular deaths was 59.9%, and it
was the highest in the patients with an ABI <0.5 (63.3%;
Table Il1). The corresponding percentage for the patients
with ABI of 0.5 to 0.89 was 58.19%; ABI of 0.9 to 1.3, 54.5%;
and ABI >1.3. 56.1%. The patients with a lower ABI had a
higher percentage of death due to ischemic heart dis-
ease and atherosclerosis. However, there was no clear
difference in the percentage of death due to cerebro-
vascular disease between the groups.

There were 2051 patients with TP and the underlying
cause of death recorded. Of these patients, the highest
death rate due to cardiovascular disease was for the pa-
tients with a TP <30 mm Hg (64.6%; n = 525). For patients
with TP of 30 to 49 mm Hg, it was 60.8%; and for patients
with TP of 50 to 79 mm Hg, 56.2%. The lowest percent-
age of mortality due to cardiovascular disease was
52.2%, and it was found in the patient group with TP
=80 mm Hg. There was an association between TP and
death from ischemic heart disease and atherosclerosis
but again no clear difference in death from cerebrovas-
cular disease between the TP groups.

DISCUSSION

A clear association between TP value and survival was
demonstrated by our study. The patient group with ABI
>1.3 had the worst survival and even a considerably
poorer survival than the groups with the lowest ABI. Of
the patients with normal ABI (0.9-13), 187% had a
TP <50 mm Hg, and survival in this group was signifi-
cantly lower than in the group with normal ABI and TP
of 50 to 79 mm Hg and TP =80 mm Hg. Thus, even pa-
tients with a normal ABI may have substantial athero-
sclerotic disease that can be distinguished with TP. The

addition of diabetes and lower limb interventions as an
adjusting factor in the analysis did not change the results
substantially. The proportion of deaths due to overall car-
diovascular disease, ischemic heart disease, and athero-
sclerosis was higher in the groups with the lowest TP.

Traditionally, ABI 0.9 has been associated with
increased risk of cardiovascular events and higher mor-
tality rate.'”'> An abnormally high ABI >1.4 is associated
with an increased risk of all-cause and cardiovascular
mortality.!® This was also shown in our results as the pa-
tients with ABI >1.3 had the poorest long-term survival.
A meta-analysis by Xu et al'’ found that the pooled esti-
mate for sensitivity of ABI is 75% in the diagnosis of LEAD.
An important factor lowering the sensitivity is medial
arterial calcification that may cause ankle arteries to be
incompressible, therefore rendering ankle pressure mea-
surements unreliable.

Previous studies of patients with CLTI or those referred
for invasive treatment have suggested that TP or toe-
brachial index is a useful tool if ankle pressure cannot
be measured or the result is abnormally high.'®'® In
CLTI patients, a low TP is associated with increased mor-
tality, and TPs reflect the patient outcomes better than
ankle pressure and the ABI do.2°?' A study demonstrated
that only 6% of CLTI patients had an ABI <0.4, whereas
the sensitivity of TP was 60%.%? Furthermore, TP has
been shown to be predictive of both cardiovascular
and overall mortality.”®

The major arguments against the routine use of TP are
that the instrumentation needed is expensive and thus
not widely available and that the measurement is sus-
ceptible to errors due to external factors, such as room
temperature, as well as systemic factors, such as
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Table Ill. Causes of death due to cardiovascular and pulmonary disease, diabetes, and cancer

ABI TP, mm Hg
Cause of death <0.5 0.5-0.89 0.9-13 >1.3 <30 30-49 50-79 =80
Cardiovascular disease 1293 (63.3) 909 (58.1) 360 (54.5) 105 (56.1) 525 (64.6) 297 (60.9) 259 (56.2) 151 (52.2)
95% ClI 61.2-65.4  556-60.6 50.6-583 48.7-63.4 612-679 564-652 515-60.8 46.3-581
Ischemic heart disease 798 (39.1) 579 (37.0)77 210 (31.8) 68 (36.4) 327 (40.2) 184 (37.7) 172 (37.3) 87 (30.1)
95% ClI 37.0-412 346-395  28.2-355 295-437 36.8-437 33.4-422 32.9-419 249-35.8
Cerebrovascular disease 198 (9.7) 148 (9.5) 48 (7.3) 15(80) 72(89) 40 (82) 41 (89) 26 (9.0)
95% ClI 8.4-11.1 8.1-11.0 54-95 4.6-12.9 7.0-11.0 59-11.0 6.5-11.9 6.0-12.9
Aneurysm or dissection 34 (1.7) 47 (3.0) 44 (6.7) 1(0.5) 8 (1.0) 14 (2.9) 13 (2.8) 15(5.2)
95% ClI 12-23 2.2-4.0 49-8.8 0.0-29 0.4-19 1.6-4.8 1.5-4.8 2.9-84
Atherosclerosis 136 (6.7) 64 (4.1) 18 (2.7) 10 (5.3) 71 (8.7) 25 (5.1) 16 (3.5) 5(1.7)
95% ClI 5.6-7.8 32-52 1.6-4.3 2.6-9.6 6.9-10.9 3.3-75 2.0-56 0.6-4.0
Diabetes 105 (5.1) 91 (5.8) 41 (6.2) 31 (16.6) 49 (6.0) 36 (7.4) 27 (5.9) 18 (6.2)
95% ClI 42-6.2 47-7.1 45-83 1.6-22.7 45-79 5.2-10.1 3.9-84 3.7-9.7
Pulmonary disease 10 (5.4) 86 (5.5) 25 (3.8) 6 (3.2) 33 (4.) 19 (3.9) 18 (3.9) 16 (5.5)
95% ClI 4.4-6.5 4.4-6.7 2.5-55 1.2-6.9 2.8-5.7 2.4-6.0 2.3-6.1 3.2-8.8
Cancer 298 (14.6) 278 (17.8) 123 (18.6) 1 (5.9) 106 (13.0) 63(129) 96 (20.8) 45 (15.6)
95% ClI 13.1-16.2 15.9-19.8 15.7-21.8 3.0-103 10.8-155 10.1-162 17.2-248 11.6-20.3
Patients with a known cause of death® 2042 1564 661 187 813 488 461 289

ABI, Ankle-brachial index; CI, confidence interval; TP, toe pressure.

Values are reported as number of patients in each group and percentage of deaths of patients with a known underlying cause of death.
3Total number of patients in each group with a known underlying cause of death.

increased sympathetic tone leading to vasoconstric-
tion."**?> However, untreated cardiovascular risk factors
may come at a high cost as limb loss, myocardial infarc-
tions, and stroke.”® The causes of error in measurement
can be minimized by using a standardized measuring
technique and setting. For example, our unit has used
heating probes in TP measurements since 2010 to avoid
the influence of vasoconstriction and thus falsely low
results.”

Medial arterial calcification of patients with diabetes is
a major source of error for the ABI measurements; how-
ever, pedal arteries are rarely affected, and TP may be
more reliable in these patients.?” To appreciate the role
of diabetes in our results, we did a subgroup analysis of
patients that included information on diabetes medica-
tion purchases. The analysis showed that even if we
adjusted for diabetes, the results did not change sub-
stantially. Among patients with suspected vascular dis-
ease, there may be hyperglycemic patients not yet
having a diabetes diagnosis.

The majority of the patients in this study eventually had
a lower limb intervention. Interventions were more
frequent in the patients with a poor ABI or TP. Having a
successful operation will very likely increase the ABI
and TP measurements; however, the results show that
adjusting for the operation in the survival analysis does
not substantially change the results. It may be that a suc-
cessful operation leading to improved perfusion of the
limb may decrease the risk of amputation. The results

imply, however, that the overall cardiovascular disease
burden of patients with poor ABI and TP will not change
significantly.

According to our results, we recommend that TP always
be measured also, with or without ABI, as part of a
vascular surgeon’s examination. Current guidelines
acknowledge the use of TP in cases of incompressible
ankle arteries, leaving the diagnosis of LEAD to rely solely
on ABI in addition to clinical examination in other
cases>?® This may lead to patients’ being left without
adequate treatment of cardiovascular risk factors or a
missed diagnosis of LEAD that can be especially harmful
for patients with polyvascular disease because they have
a clearly heightened risk of serious adverse cardiovascu-
lar outcomes.?®

We divided the patients into four groups according to
ABI using commonly accepted values for normal ABI
(0.9) and critical limb ischemia (0.5).>'*" The threshold
value for an abnormally high ABI in turn has been set
at 13 to 1.4°° Although recent publications have stated
the highest normal value as 1.4, we selected 1.3 to avoid
highly probable medial calcinosis patients with ABI of
1.3 to 1.4 in the group with normal ABI.

The selected threshold values for the TP groups were
30 mm Hg and 50 mm Hg because those have been
determined as the critical cutoff points for TP.'°*' Howev-
er, evidence of the threshold value for a normal TP is lack-
ing. According to our results, the use of 50 mm Hg as a
threshold value of a significantly lowered TP seems to
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be justified. It is noteworthy, though, that TP and ABI are
both continuous parameters and the association with
survival is gradual. This means that all strict cutoff values
are always somewhat artificial. Therefore, the use of ABI
and TP as tools of identifying LEAD and assessing cardio-
vascular risk should always be paired with sound clinical
judgment.

The results of the association of ABI and TP groups with
survival were confirmed by the analysis of ABI and TP as
continuous variables. However, the analysis of the mea-
surements as ordinal groups decreases the effect of
small variation in the reproducibility of results and pro-
vides a more thorough understanding of the association
of ABI and TP with survival, especially in the case of ABI,
because the association with survival is not linear.

The results of this study concern adult patients thought
to have atherosclerosis or who have comorbidities that
increase the risk of LEAD. All of the patients included in
the study have been specifically referred to a vascular
surgeon’s consultation. Therefore, the patient data used
for this study are highly selected, and the results should
not be generalized to the whole population. Previously,
the use of ABI and TP has been studied in various sets
of the adult population, not all of which may be compa-
rable to the selected patient population of the study at
hand.

The limitations of this study include the fact that it is
based on registry data. Baseline information is limited
as only the social security number and pressure mea-
surements are registered. The strengths of the study are
a substantial number of patients and highly standard-
ized vascular laboratory measurements by extremely
experienced vascular nurses as they perform >7000
measurements annually. Furthermore, comprehensive
long-term mortality data are a strength, despite the
fact that the registry is better in identifying all-cause
mortality than in classifying specific causes of death.>

This study forms the basis for further research on the
use of TP as a primary investigation of LEAD. The
threshold for a normal TP has been set at 80 mm Hg in
this study. However, research is lacking on the optimal
cutoff value for a normal TP. In addition, the cost-
effectiveness of using TP as opposed to ABI as a first-
line investigation in LEAD needs further research. Finally,
this study provides a platform for future research on fac-
tors affecting patient outcome on different ABI and TP
levels.

CONCLUSIONS

In this study, we show a strong association between TP
and survival and TP and mortality from cardiovascular
causes in a patient data set previously unmatched in
size and follow-up time. There is an association between
ABI and survival, and the outcome of patients with ABI
>1.3 is especially poor. Our study shows that if the ABI is
the sole noninvasive investigation in addition to clinical
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evaluation, a substantial number of patients may be left
without treatment or it may be delayed as almost one in
five patients with a normal ABI had TP <50 mm Hg. There-
fore, we recommend that the diagnosis of LEAD should
routinely include TP to avoid undertreatment of patients,
especially when ABI does not indicate severe LEAD.
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Supplementary Table I (online only). Cumulative survival of patients in each ankle-brachial index (ABI) group

0.5-0.89 0.740 (0.012) 0.559 (0.013) 0.415 (0.014) 0.296 (0.015)

>13 0.539 (0.036) 0.313 (0.034) 0.192 (0.030) 0.136 (0.029)

Supplementary Table Il (online only). Cumulative survival of patients in each toe pressure (TP) group

30-49 mm Hg 0.681 (0.017) 0.482 (0.018) 0.309 (0.018) 0.210 (0.019)

=80 mm Hg 0.862 (0.014) 0.671 (0.019) 0.529 (0.021) 0.354 (0.027)

Supplementary Table Il (online only). Cumulative survival of patients with ankle-brachial index (ABI) of 0.9 to 1.3 in the
three toe pressure (TP) groups

50-79 mm Hg 0.741 (0.034) 0.617 (0.038) 0.454 (0.041) 0.319 (0.080)
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Supplementary Table IV (online only). Distribution of diabetes medication use in the ankle-brachial index (AB/) and toe
pressure (TP) groups

Diabetes medication 448 (30) 446 (29) 217 (23) 103 (57)

Diabetes medication 309 (35) 281 (40) 242 (29) 150 (25)

Supplementary Table V (online only). Distribution of lower limb revascularization in the ankle-brachial index (ABJ) and toe
pressure (TP) groups

Revascularization 2505 (92) 2098 (83) 611 (49) 199 (81)

Revascularization 1030 (93) 695 (89) 667 (74) 327 (50)
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Supplementary Fig 1 (online only). The age- and sex-adjusted survival according to ankle-brachial index (ABI)
results for patients measured after 1996 who also had toe pressure (TP) measurements available. Data include 3417
patients. Cl, Confidence interval.
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Supplementary Fig 2 (online only). The 12-year survival in the four toe pressure (TP) groups. Age-, sex-, and use of
diabetes medication-adjusted Cox proportional hazards model according to TP with hazard ratios (HRs) with 95%
confidence intervals (Cls) and Pvalues. To obtain the HR, the other TP groups were compared with the group with
TP =80 mm Hg. P values were calculated using the Wald test. The analysis included 3012 patients in total.

0.6+

Cum Survival

0.4+

0.0

o—

o —

s

T
6

Follow-up time

TP group
280 mmHg
————— 50-79 mmHg
----- 30-49 mmHg
<30 mmHg
TP group Hazard ratio p-value
(95% ClI)
<30 mmHg 2.0(1.7-2.3) <0.0001
30-49 mmHg 1.6 (1.4-1.8) <0.0001
50-79 mmHg 1.2 (1.0-1.3) 0.042
280 mmHg reference

Supplementary Fig 3 (online only). The 12-year survival in the four toe pressure (TP) groups. Age-, sex-, and
revascularization-adjusted Cox proportional hazards model according to TP with hazard ratios (HRs) with 95%
confidence intervals (Cls) and Pvalues. To obtain the HR, the other TP groups were compared with the group with
TP =80 mm Hg. P values were calculated using the Wald test. The analysis included 3426 patients in total.
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