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Background: Spinal anesthesia is a very common and routine procedure. There are  different clinical parameters to 
assess the onset and duration of effect. Pulse Oximeter is a universally available tool and can be used at bedside to  
access the effect of spinal anesthesia due to peripheral vasodilatation.   

 Methods: fifty patients were posted for surgery under spinal anesthesia. Plethysmographic Waveform analysis was done just before the procedure 
and immediately 1 min ,5 min, 10 min, 15 min and 20 min after procedure. Changes in waveform were recorded in all patients and analysis was 
done.                                                                                                                                    

Results: In our study we recorded mean pulse oximetry  waveform amplitude after -. The mean  rise of oximetry waveform amplitude was 
6.42,8.2, 9.48, 9.78, 10.02 at 1min, 5min, 10min, 15min, 20 min  after sub arachnoid block as compared to preblock value which is 3.32. Sensitivity, 
specificity, positive predictive value and negative predictive value of those for the plethysmographic waveform test were 97.67%, 28.57%, 89.36% 
and 66.67% respectivey.        

 Conclusion:The result suggested that plethysmographic amplitude changes just after spinal block has taken its effect ., This method may be 
easier to use without any additional technology of pulse oximeter. It as a supplemental diagnostic tool to predict successful subarachnoid block 
in the limited situation, where verbal communication with patient is difficult.
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INTRODUCTION
Spinal anestheisa is a simple reliable, safe and cost effective anes-
thesia technique for verities of surgery on lower abdomen and lower 
limb. Spinal subarachnoid block causes preganglionic block of sympa-
thetic fibres resulting in increase in peripheral blood flow in blocked 
areas. Compensatory vasoconstriction results in unblocked areas.The 
pulse oximeter is widely used oximetry monitor during anesthesia 
and other procedures, because it provides a simple means of estimat-
ing arterial oxygen saturation. Pulse oximeter readings are affected 
by many factors. Increase in blood flow at the measurement site due 
to vasodilatation has been a focus of research because during anaes-
thesia especially in regional subarachnoid block, peripheral vascular 
tone changes over a wide range. Assessment of peripheral blood flow 
using pulse oximeter  changes as an early indicator to guide success 
of subarachnoid block. The amplitude of the plethysmograph signal 
is directly proportional to the vascular distensibility.If the vascular 
compliance is low  the pulse oximeter waveform amplitude is also 
low, with vasodilatation the pulse oximeter waveform amplitude is 
increased. Once a baseline measurement has been established, the 
pulse oximeter amplitude can be followed as a gauge of sympathet-
ic tone.Pulse wave monitoring or plethysmography has proven to be 
useful in visualizing changes in skin blood flow due to sympathetic 
blockade. The pulse wave monitor is a noninvasive device and can be 
applied easily and rapidly.Most of the anaesthesiologists have easy 
access to a pulse oximeter and weather cost effective pulse Oximeter 
can be usefully employed to ascertain block success early.

MATERIALS AND METHOD
In an observational study fifty patients admitted in surgical, gynae-
cological and orthopaedic wards undergoing surgery on lower abdo-

men and lower limb under spinal anaesthesia were approached. Low 
risk patients with ASA grade I and II , aged between 18 to 60 years 
willing to participate  were included. High risk cases with ASA grade 
III or more , patients undergoing  emergency procedures and preg-
nant women were excluded from the study   After securing intrave-
nous access with appropriate Cannula, all the patients were preload-
ed with 10 ml/kg of ringer’s lactate within30 min of block. Patient was 
positioned sitting and block was given. After subarachnoid injection 
of bupivacaine 0.5%, patients were observed for Amplitude changes 
in plethysmograh wave form, time of onset of sensory block, time of 
onset of motor block and highest dermatomal level of sensory block 
achieved. The plethysmographic waveform amplitude was measured 
as the vertical distance between the curve base and apex of curve.  
The average values of the first 5 readings of POP waveform amplitude 
at each evaluation interval were obtained for analysis. A two-fold in-
crease in POP waveform amplitude from baseline was defined as a 
test criterion of successful block. Medication was done on occurrence 
of significant bradycardia or hypotension

Data Processing and analysis: Ordinal categorical data were 
analyzed by calculating mean and standard deviation to express the 
range of observation. The data on demographic characters of study 
subjects, onset time of block were analyzed by these methods.

Ethical Consideration: After obtaining approval for conducting 
this study from institutional ethics committee, present study was con-
ducted in Dept of Anesthesiology RD Gardi Medical College, Ujjain 
MP. Informed consent was obtained after properly explaining the pro-
cedure. IHEC issue number.
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OBSERVATIONS AND RESULTS
Total 50 patients were registered for the study. Mean age of the pa-
tient was 35.66 years, the youngest patient was 18 years old and 
oldest was 60 year old. 34 were males and 16 were females.[TABLE 
1] Maximum number of patient’s i.e (%)31/50 were admitted for gen-
eral surgical procedures like hernia repair, appendectomy. (%)10/50 
underwent finding of the table in two to three lines) hysterectomy. 
In (%)9/50 patients’ orthopaedic surgery for external or internal fix-
ation of fractured bones of lower limb. A two-fold increase in POP 
waveform amplitude from baseline was defined as a test criterion of 
successful sympathetic block Table No.4 shows 42/50 cases are pos-
itive, 5/50 cases negative, 3/50 cases are failed.  Height of Preblock 
POP waveform was recorded as per protocol. Change in Height of 
POP waveform at different times with is shown in table 2. The onset 
time of sensory block recorded in minutes, calculated from the time 
of intrathecal injection of 4 ml of 0.5 %  hyperbaric bupivacaine till 
insensitivity to pin prick.  Mean time for onset was 2.42 min. Sensitiv-
ity, specificity, positive predictive value, and negative predictive value 
of the plethysmographic waveform test were calculated as100% (95% 
CI:91.5−100.0%), 37.50 % (95% CI: 8.97−75.30%), 89.36 % (95% CI: 
76.88-96.41%), and 100 % (95% CI: 30.48-100.0%). Kappa value at 1 
min was 1.00 with SE of 0.00 hence strength of agreement was per-
fect. Kappa value at 5 min was 0.516 with SE o 0.162 hence strength 
of agreement was moderate. At 10 mins kappa value was 0.502 wit SE 
of 0.183 and hence strength of agreement was moderate.

Plethysmographic waveform test – A two-fold increase in POP wave-
form amplitude from baseline was defined as a test criterion of suc-
cessful sympathetic block Table No.4 shows 42/50 cases are positive, 
5/50 cases negative, 3/50 cases are failed.                                                                                                                                     

Table 1: DEMOGRAPHIC DATA

Para meters Group R
Mean ± SD

Group RD 1
Mean ± SD

Group RD 2
Mean ± SD

Age yr 46.2 ± 13.65 45.6 ± 10.2 42.2  ± 9.99

Weight (kgs) 62.3 ± 6.78 59.7 ± 8.57 63.9 ± 10.77

Height in cm 136.2 ± 10.78 140.3 ± 9.25 139.7 ± 10.94

Table No 2 :RESULT OF BLOCK

Positive (%)           Negative (%)

Successful block n (%) 42(84%) 5(10%)

Failed block n (%) 1(2%) 2(4%)

TABLE No 3 :Pre block POP waveform height – 

Time Maximum Minimum Mean SD

Pre 4 mm 2 mm 3.32 1.74

1 min 10 mm 3 mm 6.92 2.06

5 min 12 mm 4 mm 8.2 2.37

10min 13 mm 4 mm 9.48 2.35

15min 13 mm 4 mm 9.78 2.27

20min 14 mm 4 mm 10.02 2.16

Table  Shows the height of preblock POP waveform shows in the 
monitor before intrathecal block is given. Height was measured in 
millimetres. Highest was 6mm and lowest was 1mm.It was taken at 
various time intervals.

TABLE 4 :Sensitivity and  Specificity-  

Sensitivity Specificity
Positive 
Predictive 
Value

Negative 
Predictive 
Value

100.00 % 
confidence 
interval 
(CI) 95% 
91.51%  
to 
100.00%

37.50 %  
confidence 
interval (CI) 
95%  8.97% 
to 75.30 %

89.36 % confi-
dence interval (CI) 
95% 76.88 % to 
96.41 %

100.00 % confi-
dence interval (CI) 
95% 30.48 % to 
100.00%

shows sensitivity, specificity, positive predictive value, and negative 
predictive value of the plethysmographic waveform test were calcu-

lated as100% (95% CI:91.5−100.0%), 37.50 % (95% CI: 8.97−75.30%), 
89.36 % (95% CI: 76.88-96.41%), and 100 % (95% CI: 30.48-1

CONCLUSION: The result suggested that plethysmographic ampli-
tude changes just after spinal block has taken its effect .,This method 
may be easier to use without any additional technology of pulse oxi-
meter. It as a supplemental diagnostic tool to predict successful suba-
rachnoid block in the limited situation, where verbal communication 
with patient is difficult.

DISCUSSION
Spinal anestheisa is a simple reliable, safe and cost effective anes-
thesia technique for verities of surgery on lower abdomen and lower 
limb. After successful peripheral and neuraxial blockade, local vasodi-
lation and increased local blood flow occur as a result of blockade of 
sympathetic nerve fibers. Early clinical signs of the onset of epidural 
or spinal anesthesia include venodilation and increased skin temper-
ature caused by blockade of preganglionic sympathetic-8 fibers(1,2).  In 
the present study, we prospectively defined a two-fold increase from 
baseline in POP waveform amplitude as a test criterion of successful 
block. The reasons why we arbitrarily predetermined such a test crite-
rion were as follows:

1)  All the clinicians could easily detect such a large increase in the 
POPwaveform amplitude on the monitor screen without addi-
tionaltechnological supports.

2)  Sinha et al. had evaluated the efficacy of POP waveform varia-
tion as an indicator of successful lumbar epidural block, and had 
showed an amplitudeincrease of more than 300% of the baseline 
after successfulblocks. And they had found that this change of 
POP waveformamplitude had a sensitivity of 100%(9).

 
We tested this hypothesis in the present study on 50 patients in 
which SAB is given. POP waveform height measured after SAB done 
periodically upto 20 min  In the present study, we tested the useful-
ness  POP waveform amplitude measured at 5th toe as indicators of 
successful SAB. We initially hypothesized that successful SAB resulted 
in a considerable increase in POP waveform amplitude of 5th toe. 

In our study we recorded mean POP waveform Amplitude after SAB. 
The mean  rise of POP waveform amplitude was 6.42,8.2, 9.48, 9.78, 
10.02 at 1min, 5min, 10min, 15min, 20 min  after SAB as compared to 
preblock value which is 3.32. Sensitivity, specificity, positive predictive 
value and negative predictive value of  those for the plethysmograph-
ic waveform test were 97.67%, 28.57%, 89.36% and 66.67% .  

A.D.Foster et al  in year 1944 evaluate the effect on peripheral circula-
tion during anesthesia by  digital plethysmograph as a clinical guide. 
Plethysmographic records have been obtained simultaneously from 
the second toe in group of 28 patients subjected to spinal anesthesia. 
Plethysmogram obtained before onset of anesthesia, shows relative-
ly small pulse waveform, within2 to 5 minutes after the introduction 
of anesthetic drug, pulse wave of toe increase from average value 
of 3.1cu.mm to 9.8cu.mm a threefold increase in pulse waveform.(14)    
Thomas .K.Beene et al in year 1973 use the pulse monitor for determi-
nation sympathetic block of arm by stellate ganglion block. when the 
block is successful pulse wave amplitude and area incorporated under 
the curve are increase.(13)  

Dr Prabhat K. Sinha et al  in year 1999 shows at 10 min after epidur-
al injection, an amplitude increase of 200% was seen in 79 of 82 pa-
tients who underwent successful epidural anesthesia. In contrast, loss 
of cold sensation at this point was noted in only 14 of 82 patient.(9)

SEYED J. HASHEMI et al  in year 2001 was performed a study  to 
evaluate the effect of digital nerve block on pulse oximetric signal 
detection during general anesthesia.  Mean amplitude of plethismo-
graphic wave after digital block was greater in blocked fingers than 
unblocked fingers (p<0.05). Mean amplitude in blocked and un-
blocked fingers was 16.85±3.40 mm and 12.49±4.50 mm respectively. 
Maximum difference between blocked and unblocked fingers in lag 
time and amplitude occurred at 40 mins after digital block (36% and 
34% respectively).(16)

Duk kyung Kim et al 2007, studied plethysmographic wave form 
planter aspect of great toe as diagnostic tools of successful caudal 
block . Findings of their study suggest plethysmographic wave form 
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test shown high validity in detecting successful block. Data on the 
sensitivity, specificity, positive predictive value and negative predic-
tive value of  those for the plethysmographic waveform test were 
86.5%, 100%, 100% and 28.6%.(8)

Yehuda Ginosar et al in year 2009 tested the hypothesis that the de-
velopment of sympathectomy-mediated vasodilatation sixty subjects 
receiving lumbar epidural bupivacaine were randomised to one of 
three groups: A: 10 ml 0.5% (50 mg); B: 10 ml 0.25% (25 mg); and C: 
40 ml 0.0625% (25 mg). At baseline and 5, 10, and 20 min following 
epidural bupivacaine administration, they assessed the following 
indices of sympathectomy: The  results was shows an increase in the 
pulse oximeter perfusion index by 20 min of 280%, 303%, and 59% in 

groups A, B, and, C, respectively.  The findings of our study suggest 
that rise of POP waveform amplitude twofold  from the baseline value 
occurred in first 1 minutes and was earlier to loss of pinprick sensa-
tion (mean time for sensory block 2.42 minutes) in all patients with 
surgically successful block. These findings proves that autonomic 
block revealed by local vasodilation and increased local blood flow 
occur as a result of blockade of sympathetic nerve fibers occurred ear-
lier to sensory block revealed by insensitivity to pinprick and followed 
motor blockade revealed  by inability to move limb. These finding es-
tablishes sequence of block as autonomic, sensory and motor block-
ade and hence Dixon’s Law is proved. The plethysmographic wave-
form test had a considerablyhigh sensitivity of 97.67% and a positive 
predictive value of 89.36%.  In addition to oxygen saturation values, 
many pulse oximeters display a photoelectric plethysmographic 
waveform, which reflects a combination of volume and flow chang-
es in skin microcirculationz respect, the amplitude of the plethysmo-
graphic signal depends not only on systemic intravascular pulse pres-
sure, but on local vasomotor tone(25)(26). 

Awad et al. suggested that POP waveform amplitude predominantly 
reflected local sympathetic tone rather than central hemodynamic 
changes, when the sensor was placed on the digits. Considering the 
small magnitude of sympathetic block in our study, the change of 
POP waveform amplitude was mainly attributed to the change of lo-
cal sympathetic tone during  SAB.(27) However, in 5 of 50 patients who 
had a successful block, all POP waveform amplitudes remained at 
near-baseline values throughout the study period. Failure to demon-
strate 100% validity indicates some limitation of the plethysmograph-
ic waveform test as a reliable indicator of successful SAB.
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