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ABSTRACT
Aim: To evaluate the use of  perfusion index for diagnosis of  abnormal collateral hand circulation (CHC), in comparison 
with the modified Allen test and pulse oximetry using Doppler ultrasonography as a reference test.

Methodology: Forty two (84 hands) healthy volunteers were randomly selected for our study. Adequacy of  the 
collateral hand circulation during occlusion of  the radial artery was assessed in each hand using four tests by four 
expert investigators, one for each test: (I) Modified Allen test (2) Perfusion index (3) Pulse oximetry, and (4) Doppler 
ultrasonography being the standard test.

Results: The Doppler ultrasonography (the standard test) diagnosed abnormal CHC in 3 hands (3.5%).  The modified 
Allen test showed abnormal CHC in 16 hands (19%), with sensitivity100%, specificity 78% and positive predictive value 
18.7% when compared with the standard Doppler ultrasonography. Also pulse oximetry method indicated abnormal 
CHC in 4 hands (4.7%) with sensitivity100% specificity 98% and 75% positive predictive value.  ROC analysis showed 
that > 65.7% reduction in the perfusion index diagnosed abnormal CHC with 100% sensitivity, 98.8% specificity and 
75.5% positive predictive value using Doppler ultrasonography as a reference test.

Conclusion:  Using Doppler ultrasonography as a reference test, perfusion index is a reliable objective test for diagnosis 
and prediction of  abnormal CHC, with high sensitivity, specificity, and accepted positive predictive value.
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INTRODUCTION
Allen test (AT)1 is the simplest and most practical method to 
assess collateral hand circulation (CHC) before radial artery 
(RA) cannulation and serial arterial blood sampling.2-4 It is 
also routinely used for selecting patients for radial artery 
harvesting,5-7 either for coronary artery bypass grafting8 
or for the construction of  a radio cephalic arteriovenous 
fistula for hemodialysis.9 Nevertheless, it is a subjective 
and not a quantifiable test, with high false positive results10 
and without clear cut-off  points between positive and 
negative tests.11 In addition, the consequences of  a false-
negative AT may be severe after RA harvesting12 and even 
catheterization,13 in terms of  both clinical outcome and 
medico-legal issues. A peripheral perfusion index (PI), 
which is the ratio between the pulsatile and non-pulsatile 

component of  the pulse oximetry signal, has been found 
to be a reliable indicator of  peripheral perfusion.14 There 
was, however, as far as we know, no previous study which 
used PI to assess CHC. The present study was designed 
to evaluate the changes in PI as an objective, noninvasive 
assessment of  CHC, in comparison to the standard 
Doppler ultrasonography test, as well as the modified 
Allen test (MAT) and the pulse oximetry test.

METHODOLOGY
Following our institutional ethics committee approval and 
obtaining written informed consent, forty two healthy 
(operating room’s staff) volunteers, 22 males and 20 
females, age range 23 to 44 years, were randomly selected. 
Both dominant and non-dominant (84) hands were 
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studied. Colleagues with a history of  peripheral vascular 
diseases, previous radial artery cannulation in either hand, 
or trauma to the upper limbs were excluded. They were 
advised not to smoke or consume caffeine 3 hours prior to 
the examination. They were examined at room temperature 
(20° to 22°C) and asked to rest supine for 10 minutes with 
their head and shoulders comfortably elevated, with their 
forearms and hands positioned at the level of  the heart, 
and to remove or loosen any tight clothing from around 
their arms. Adequacy of  the CHC during occlusion of  the 
radial artery was assessed in each hand using four tests by 
four independent expert investigators. Each investigator 
was assigned to perform only one of  these four tests and 
was blinded to the other investigators findings. The first 
hand tested (right or left) was randomly assigned.

Modified Allen’s test (MAT): The  subjects  were  
instructed  not  to  hyperextend  their  fingers  or  wrist.  
The  examiner  applied  three digits  (index, middle  and 
ring fingers)  compression  to  both  the  radial  and ulnar  
arteries  at  the  wrist,  and  the  subject  was asked  to  
clench  and  relax  his  hand  three  times  to exsanguinate  
the  palm.  The  hand  was  then  slowly opened  to  a  
neutral  position,  and  the  examiner removed  pressure  
from  the  ulnar  artery.  The time taken (in seconds) for the 
blanched hand to return to its normal color, was recorded.  
If  it took longer than 10 seconds, the test was considered 
positive (abnormal CHC).

 Pulse oximetry guided Allen’s test (POAT):  The pulse 
oximetry sensor [LNCS adult adhesive sensors connected 
to Masimo SET” Radical [TM] pulse oximeters; Masimo 
Corp. Irvine. CA] was fixed to tip of  the thumb of  the 
selected hand.  Baseline O2 saturation was noted.  While 
conducting the above procedure the radial and ulnar arteries 
compressions were sustained until the oxygen saturation 
reading fell to zero. The pressure on the ulnar artery was 
then released and the time for the oxygen saturation to 
return to the baseline value was recorded. Failure of  the 
oxygen saturation to return to baseline within 10 seconds 
indicated a positive test (abnormal CHC). 

Perfusion Index Test (PI):  With the pulse oximetry 
sensor still fixed to the thumb of  the same hand, another 
independent investigator recorded the baseline perfusion 
index (PI) value (the ratio between the pulsatile and non-
pulsatile component of  the pulse oximetry signal), and 
repeated the same technique used above for Allen’s test 
examination.  He recorded the PI value at 10 seconds 
after pressure on the ulnar artery was released (the same 
cut-off  point between negative and positive Allen test) 
and calculated the percentage reduction from its baseline 
value.  

Doppler ultrasonography study: The flow in the dorsal 
digital thumb artery (TA) located at the ulnar side of  the 
base of  the thumb was examined using Doppler ultrasound 

digital probe (Bidop® 3 Vascular Ultrasound Doppler, 
Koven Technology, Inc. Canada ).  Doppler probe was 
placed over the expected anatomic position of  TA and 
aligned with it at an angle of  less than 60°. By moving 
the probe from side to side across the vessel, the center 
of  the artery could be located readily by a characteristic 
noise produced at the frequency of  the pulse rate. When a 
steady state was achieved, the RA was firmly compressed. 
Complete disappearance of  both the Doppler tracing 
(waves) and the characteristic noise, indicated zero flow 
and positive test (abnormal CHC).  

Our primary outcome was to evaluate the efficacy and 
reliability of  PI changes as a new objective test, in diagnosis 
and prediction of  abnormal CHC, when it is compared 
with MAT and POAT using Doppler ultrasonography test 
as reference test.  

Statistics: 

We assumed that PI changes will have 30% increase in the 
prediction ability (PPV) to diagnose abnormal CHC than 
the previously recorded prediction value of  MAT (42%)15 
. At a significance level of  0.05 with power of  80%, a 
total of  78 volunteers were required.   Receiver Operating 
Characteristic (ROC) curve was analyzed using Doppler 
ultrasonography study  as  reference, to determine the 
percentage reduction of  PI which represent the cut-off  
point or criterion value which  discriminated between 
normal and abnormal CHC,  and to derive the sensitivity, 
specificity, positive & negative predictive values using, 
MedCalc version 12 (MedCalc Software bvba, Mariakerke, 
Belgium ). On the other hand both MAT and  the POAT 
were evaluated  by applying the criteria  for the  assessment  
of   diagnostic tests ( sensitivity, specificity, positive and 
negative predictive values, and diagnostic  accuracy) (16,17)   
using Doppler ultrasonography study  as  reference. 

RESULTS	
Twenty two males and 20 females (mean age 35.2 years, 
range 23 to 44 years) were studied (84 hands).  The 
following are the summary of  the results of  four tests.

Doppler ultrasound test (reference test): Three hands 
(3.5%) had zero flow in the dorsal digital TA during radial 
artery compression, and were judged to have an abnormal 
CHC (bilateral in one male volunteer and unilateral in 
anther male volunteer).

MAT: Sixty eight hands (81%) had normal ulnar collateral 
circulation with the mean time for revascularization 
= 4.1±3.5 sec and 16 hands (19%) had abnormal CHC 
with mean revascularization time = 12.0±1.9 sec. When 
compared with the Doppler ultrasound, this test had 100% 
sensitivity, 78% specificity and 18.7% positive predictive 
value (Table 1).
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POAT:  Four hands (4.7%) had abnormal CHC (failed to 
restore their baseline oxygen saturation within 10 sec after 
the release of  ulnar artery compression). When compared 
with the reference test (Doppler ultrasound), this test 
had 100% sensitivity, 98% specificity and 75% positive 
predictive value (Table 2). 

PI:  ROC analysis of  PI changes using Doppler study as 
reference showed that; 65.7% reduction in PI (after 10 sec 
radial artery compression) represents the cut-off  point or 
criterion value above which abnormal CHC was diagnosed. 
This test has 100% sensitivity, 98.8% specificity, 75.5% and 
100% positive and negative predictive values respectively 
(Figure 1).

DISCUSSION
This is the first prospective, randomized, controlled study 
which used PI to diagnose abnormal CHC .We reported 
that the PI is a relative value with a wide normal range 
[median= 2.75 with interquartile range (IQR) =1.4-4.3] 
which confirmed the results of  Lima et al14 [median PI 
of  1.4 with (IQR) = 0.3-3].This means that there is no 
absolute normal PI value, but each patient has his unique 
PI.  

Using (ROC) curve analysis and Doppler ultrasonography 
as a reference test, our study showed that, 65.7% reduction 
in PI (after 10 sec radial artery compression) represents 
the cut-off  point or criterion value above which abnormal 
CHC was diagnosed. In comparison to the same reference 

Figure 1:  ROC curve comparing percentage reduction in perfusion 
index with the standard Doppler ultrasound

Table 1: Comparison of Allen’s test with Doppler ultrasound (Gold standard)

Doppler ultrasound outcome
Predictive value

Condition Positive (Abnormal) Condition Negative (Normal)

MAT +ve 3 13 18.7% PPV

MAT -ve 0 68 100% NPV

Sensitivity:  100% Specificity:  83.9% 84.5% DA

MAT= Modified Allen’s test, PPV= Positive predictive Value, NPV= Negative predictive Value, DA= Diagnostic accuracy

Table 2: Comparison of  Pulse oximetry with Doppler ultrasound (Gold standard)
Doppler ultrasound outcome

Predictive value
Condition Positive (Abnormal) Condition Negative (Normal)

POAT  +ve 3 1 75% PPV

POAT -ve 0 80 100% NPV

Sensitivity:  100% Specificity:  98.7% 98.8% DA

POAT= Pulse oximetry guided Allen’s test, PPV= Positive predictive Value, NPV= Negative predictive Value, DA= Diagnostic accuracy

test this test was analogous to POAT with high sensitivity, 
specificity and positive predictive values. , and was superior 
to MAT regarding specificity, and positive predictive values. 
(Table 1, 2. Fig.1)

In our study when we compared the MAT with the 
standard Doppler ultrasonography test, we found the 
MAT had a sensitivity of  100%, specificity of  84%, and 
very low PPV (18.7 %) i.e., 81.3% of  all abnormal MAT 
results in our study were incorrect. These results are 
similar to several previous studies 15,18,19. Its high sensitivity, 
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confirm its reliability as a screening test for the selection 
of  patients for RA interventions. In the other hand its low 
PPV validate the major argument against its routine use 
for evaluation of  CHC.4,20,21 From the available literature, 
there is no consensus regarding the MAT cut-off  point 
(time for revascularization) and was varied between 5 and 
15 sec in different reports.22-25 Accordingly the incidence 
of  positive (abnormal) MAT was also varied between 1% 
and 27%.22-25 We chose to set the MAT cut-off  point to 10 
sec as midway between the reported ranges and therefore 
our incidence (19 %) was within the reported values.

In the present study, we used Doppler ultrasonography as 
the “gold standard” test for evaluation of  CHC, because 
the reliability of  Doppler ultrasonography for identifying 
patients with an abnormal CHC has already been 
demonstrated by previous anatomical,26 arteriographic,27 

and clinical studies by Kamienski10  Mozersky28 and 
Ruengsakulrach et al19.  There are no established standard 
criteria for Doppler ultrasound findings that define 
abnormal hand collateral perfusion which vary from study 
to study, depending on which vessels are scanned.10,19,29-

33 In our present study we chose to test the flow in the 
dorsal digital thumb artery based on the conclusion of  
Ruengsakulrach et al19 (no flow in the dorsal digital thumb 
artery with radial artery occlusion is the sole absolute 
contraindication for radial artery harvest). Furthermore, 
our results were similar to their outcomes regarding the 
comparison with MAT (Table 1).

  In comparison with the standard Doppler ultrasonography, 
our results clearly showed that POAT has been found to 
have the same sensitivity (100%)  as  the MAT but, has 
higher specificity (98.7% vs 83.9%), PPV (75% vs. 18.7% 
) and D. accuracy (98.8% vs. 84.5% ). Our results confirm 
the results of  Johnson et al,6 and many other previous 
studies,11,34-38 who validated the reliability of  an oxygen 
saturation monitor for safe harvesting of  radial artery. 
Controversially, G. David et al reported falsely normal 
results with the use the pulse oximeter Allen’s test  and 
concluded that, pulse oximeter do  not  seem  to  be 
accurate in assessing   hand collateral  circulation . This 

controversially, could be explained by the difference in the 
study methodologies and /or the difference in the reference 
test. Furthermore, because blood flows as low as 4%–9% 
of  baseline are associated with normal pulse oximetry 
values. Thereafter; the return of  baseline pulse oximetry 
saturation after release of  RA occlusion may not ensure 
adequate tissue perfusion and could over diagnose normal 
hand circulation.39 Despite this theoretical concern,35 the 
Modified Allen’s Test using pulse oximetry has been used 
for selection of  patients for radial artery harvest with no 
instance.11,34-38

LIMITATIONS
One of  the limitation to our study was that all subjects 
enrolled in the study were normal healthy volunteers, 
who had healthy peripheral vessels which may react 
differently (after RA compression) than the vessels of  
critically ill patients who are the ones generally requiring 
RA intervention. Thus a study on this high risk population 
is warranted. A second limitation was that PI is a dynamic 
parameter (like ECG) which fluctuates with sudden internal 
or external stress, which should always be eliminated as 
much as possible.

CONCLUSION
Using Doppler ultrasonography as reference test, > 65.7% 
reduction in perfusion index after 10 second radial artery 
compression provides a reliable quantifiable diagnosis of  
abnormal CHC, with sensitivity, specificity, and positive 
predictive value higher than MAT but comparable to 
POAT. Furthermore; as PI is incorporated with pulse 
oximetry in the same monitor, the use of  both facilities 
to evaluate CHC, will add additional confirmation and 
medico legal documentation.  
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