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Area Under the Curve of Finger Photoplethysmography as an 
Evaluation Measure for Sympathetic Activity During Lumbar Epidural 
Anaesthesia
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Fotopletismografisinin Eğri Altı Alan Hesaplaması 
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Introduction

Several quantitative measurements can be performed to assess sympathectomy-induced vasodilation following regional 
anaesthesia. Many parameters derived from the photoplethysmographic waveform have been used to assess sympa-
thectomy levels following regional anaesthesia (1-4). The area under the curve represents the whole surface area under 

the finger photoplethysmography waveform. The finger photoplethysmography amplitude represents the maximum height 
of the finger photoplethysmography waveform, and the pulse transit time represents the time it takes for the pulse pressure 
waveform to propagate through the arterial tree length. Our primary endpoint was to investigate the changes in the area un-

Objective: To detect changes in finger photoplethysmography after 
administration of epidural anaesthesia as a surrogate method for eval-
uating autonomic nervous system activity.
Methods: We included a total of 46 patients scheduled for elective 
surgical procedures under lumbar epidural anaesthesia. A Biopac 
SS4LA pulse plethysmograph transducer was used for photoplethys-
mography recording, and the device was placed on the first toe of the 
right leg. The first standard lead of the electrocardiogram was simulta-
neously measured with the finger photoplethysmography. First mea-
surement was done before the administration of epidural anaesthesia, 
and second measurement was done 25 minutes post administration 
of epidural anaesthesia.
Results: The area under the curve of the finger photoplethysmog-
raphy statistically significantly increased 25 minutes after adminis-
tration of epidural anaesthesia compared with the first measurement 
(p=0.0001). The amplitude of the finger photoplethysmography as 
well as the pulse transit time also statistically significantly increased 
after administration of epidural anaesthesia.
Conclusion: The area under the curve reflects the changes in sym-
pathetic activity after epidural anaesthesia below the block level. It 
can be used for the detection of the degree of sympathetic block and, 
respectively, for epidural block success. Future prospects include de-
tection of sympathetic block cessation as an indicator for discharge 
from the awakening room and beginning of patient verticalisation.
Keywords: Finger photoplethysmography, epidural anaesthesia, area 
under the curve, sympathetic blockade

Amaç: Epidural anestezi uygulaması sonrası, otonom sinir sis temi 
aktivitesini değerlendirmekte alternatif bir yöntem olarak parmak 
fotopletismografisindeki değişikliklerin saptanması.
Yöntemler: Çalışmaya lumbar epidural anestezi altında elektif 
cerrahi işlem planlanan toplam 46 hasta dahil edildi. Fotopletis-
mografi kaydı için Biopac SS4LA nabız pletismograf transdüser 
kullanıldı ve cihaz sağ bacağın ilk parmağına yerleştirildi. Birinci 
standart elektrokardiyogram derivasyonu, parmak fotopletismog-
rafisi ile eş zamanlı olarak ölçüldü. İlk ölçüm epidural anestezi 
uygulamasından önce yapıldı. İkinci ölçüm ise epidural anestezi 
uygulamasından 25 dakika sonra yapıldı.  
Bulgular: Parmak fotopletismografisinin eğri altında kalan ala-
nı epidural anestezi uygulamasından 25 dakika sonra, ilk ölçüm 
değerine göre artış izlendi (p=0.0001). Epidural anestezinin uy-
gulanmasından sonra, nabız geçiş süresinin yanı sıra parmak fo-
topletismografi amplitüdü de istatiksel olarak anlamlı ölçüde arttı. 
Sonuç: Eğri altında kalan alan epidural anestezi sonrasında blok 
düzeyinin altındaki sempatik aktivitedeki değişiklikleri yansıtır. 
Sempatik blok derecesinin ve epidural blok başarısının belirlen-
mesi için kullanılabilir. Gelecekteki beklentiler arasında, hastanın 
uyanma odasından taburcu edilmesi ve ayağa kaldırılması için bir 
gösterge olarak sempatik bloğun sona ermesinin belirlenmesinde 
kullanılması bulunmaktadır. 
Anahtar Kelimeler: Parmak fotopletismografisi, epidural aneste-
zi, eğri altı alan, sempatik blokaj 
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der the curve of the finger photoplethysmography following 
lumbar epidural anaesthesia. Our secondary endpoint was to 
investigate the changes in the finger photoplethysmography 
amplitude and the pulse transit time changes. We hypothe-
sised that the area under the curve as well as the amplitude 
and the pulse transit time of the finger photoplethysmogra-
phy significantly increased after lumbar epidural administra-
tion with 0.5% bupivacaine.

Methods

After obtaining ethical approval from the Ethical Committee 
of the University Clinical Hospital Centre Zagreb, we ini-
tiated patient recruitment. Written informed consent was 
obtained from all patients included in the study. A total of 
46 patients were scheduled for elective unilateral or bilateral 
inguinal hernia repair under lumbar epidural anaesthesia. All 
the patients were classified as either ASA 1 or ASA 2. Other 
inclusion criteria were age between 18 and 45 years, palpa-
ble pulses of the arteria tibialis posterior and arteria dorsalis 
pedis, normal nail growth and transparency and no external 
pathological alterations of the blood vessels of the lower ex-
tremities. Normal finger photoplethysmography waveform 
was observed before the administration of epidural anaesthe-
sia in all patients. We excluded from the research patients 
with accompanying cardiovascular diseases (e.g. hypertension 
and Raynaud’s syndrome), patients taking preoperative cardi-
ac therapy (particularly, vasoactive drugs) and obese patients 
(BMI>30). After overnight fasting, all patients received 7.5 
mg oral midazolam 60 minutes before anaesthesia admin-
istration. Standard monitoring consisting of non-invasive 
blood pressure cuff, pulse oximeter and electrocardiogram 
were used to monitor patients throughout the procedure. 
An epidural space was identified in the L3/L4 interspace, in 
the sitting position of the patient by loss of resistance tech-
nique, using an 18-G Tuohy needle. An epidural catheter was 
placed 4-5 cm into the epidural space. Aspiration test was 
performed, and a test dose of 3 mL 0.5% bupivacaine was 
given. For epidural anaesthesia, a 1 mL/segment of 0.5% bu-
pivacaine+0.1 mL of 0.5% bupivacaine for every 5 cm above 
a 150 cm height was applied to the patient in the lying posi-
tion. The study was conducted in the operating theatre with 
a controlled ambient temperature of 24°C, and except the 
operating field, right foot and the head, patients were covered 
with a thin cotton blanket to avoid loss of body heat as much 
as possible. Body temperature monitoring was not utilised 
during the procedure. The pin-prick test was performed 20 
minutes after the administration of epidural anaesthesia to 
test the targeted sensory T10 block height. Potential hypo-
tension due to sympathectomy was defined as a drop in sys-
tolic blood pressure below 90 mmHg and was treated with 
boluses of 5-10 mg ephedrine. No patients received intrave-
nous sedation throughout the procedure.

Biopac SS4LA pulse plethysmograph transducer, which uses 
a source of infra-red light and a photodetector (emitter/de-
tector wavelength=860±900 nm), was used for photoplethys-
mography recording. The photoplethysmographic device was 

placed on the first toe of the right leg. Baseline measurement 
was performed after the patients received prehydration with 
500 mL normal saline and before initiating the administra-
tion of epidural anaesthesia. The second measurement was 
performed 25 minutes after the administration of epidural an-
aesthesia. The first standard lead of the electrocardiogram was 
simultaneously measured with the photoplethysmographic 
signal. Besides prehydration, which was given to compensate 
for expected blood pressure decrease due to sympathectomy, 
4 mL kg-1 h-1 for the first 10 kg of body mass+2 mL kg-1 h-1 
for the next 10 kg of body mass+1 mL kg-1 h-1 for each kg 
above 20 kg of body mass were administered throughout the 
procedure to meet the physiologic fluid requirements. Also, 
an additional 2 mL kg-1 h-1 normal saline was administered 
to each patient throughout the rest of the procedure to com-
pensate for evaporative fluid losses through the surgical field.

Every single measurement was performed in a sequence of 
180 seconds and stored as a separate file. The software enables 
re-run of the stored files as a continuous signal and detailed 
analysis of every measured and stored photoplethysmograph-
ic signal. After collecting all the data, we started the measure-
ment analysis. In each single measurement, a sequence that 
includes 50 photoplethysmographic pulsations with relative-
ly low fluctuations was chosen for analysis. Photoplethys-
mographic waveform is simultaneously shown on the screen 
display with the first standard lead of the electrocardiogram 
(Figure 1).

Besides the area under the curve of the finger photoplethys-
mography, the amplitude of finger photoplethysmography as 
well as the pulse transit time were also measured. The ampli-
tude represents the maximum height of the photoplethysmo-
graphic waveform, and the pulse transit time was calculated 
by drawing a straight line from the middle of the R wave of 
the electrocardiogram to the beginning of the photoplethys-
mographic wave. The three parameters measured at the base-
line and 25 minutes after the administration of epidural an-
aesthesia were compared. The sample size has been calculated 
according to a pilot study that included 10 patients, for the 
area under the curve and amplitude. The mean and stan-
dard deviation were calculated, and type I error along with 
the study power were set as 0.01 and 99%, respectively. The 

Figure 1. Operating display of the finger photoplethysmograp-
hy signal
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pulse transit time sample size fit in the calculated sample size 
based on the two above mentioned variables. Differences be-
tween the two measurements of the single parameters of the 
same examinees were tested using nonparametric tests for de-
pendent samples (Wilcoxon matched-pairs test). P<0.05 was 
chosen as the statistically significant limit. Statistical analysis 
was performed using the programme Statistica 6.

Results

After excluding 6 patients from the research because of the 
exclusion criteria mentioned in the methods section, statisti-
cal analysis was performed in 40 patients. Age, body weight 
and body height of the patients are shown in Table 1. The 
area under the curve of the finger photoplethysmography sta-
tistically significantly increased 25 minutes after the admin-
istration of epidural anaesthesia compared with the baseline 
measurement. The amplitude of the finger photoplethysmog-
raphy as well as the pulse transit time also statistically signifi-
cantly increased after the administration of epidural anaes-
thesia. Results are shown in Table 2.

Discussion

The area under the curve of the finger photoplethysmogra-
phy showed a statistically significant increase 25 minutes af-
ter the administration of 0.5% bupivacaine epidural block 
compared to the baseline value, which we attributed to the 
effect of the sympathetic block. The waveform of the finger 
photoplethysmography comprises the ascending and the de-
scending part. The ascending part represents an expansion of 
the blood vessel wall under the influence of increased pres-
sure, and the descending part represents relaxation of the 
blood vessel wall between the two heart beats. Both parts of 
the waveform change with changes in the arterial compliance. 

The amplitude of the finger photoplethysmography rep-
resents the maximum height of the finger photoplethysmog-
raphy waveform. Similar to the ascending and the descending 
part of the waveform, amplitude also changes, that is, increas-
es after an increase in the arterial compliance caused by the 
sympathetic block. Our results also demonstrated that the 
signal amplitude also increases during lumbar epidural block 
as the area under the curve of the photoplethysmographic 
signal increases. The time to peak effect of the epidural block 
with longer-acting local anaesthetics, such as bupivacaine, is 
20-25 minutes (5). In our study, we observed a sensory block 
at the T10 level in all our patients using a pin-prick test 20 
minutes after lumbar epidural administration of 0.5% bupiv-
acaine. The nerve block caused by a local anaesthetic also oc-
curs in a certain order: preganglionic sympathetic nerve fibres 
are first blocked followed by the nerve fibres responsible for 
pain, touch and motor function (6-11). With epidural anaes-
thesia, similar zones of differential sensory and sympathetic 
blocks are found (12). Therefore, the photoplethysmography 
derived from the first toe anatomically correlates with the 
blocked preganglionic sympathetic nerve fibres, because the 
sympathetic nerve fibres of the first toe arise from the spinal 
nerves up to the L4 level, which were obviously affected by 
the epidural block that reached the T10 level.

Besides the area under the curve and the amplitude, we also 
measured the pulse transit time, which represents the time 
needed for the pulse to travel from the heart to the periph-
eral blood vessel. Babchenko (13, 14) claims that the lumbar 
epidural anaesthesia, administered for operating procedures 
of the lower abdomen and lower extremities, is accompanied 
with a decreased sympathetic activity in the lower extremi-
ties and toes, which is reflected in a prolonged pulse transit 
time after the administration of lumbar epidural anaesthesia. 
From our research, it is evident that the pulse transit time is 
statistically significantly increased after lumbar epidural an-
aesthesia (p=0.009, Table 2), which correlates with Babchen-
ko’s observations. Nitzan reports that decrease of the pulse 
transit time, due to the age of the examinees, is attributed to 
direct, age-conditioned, structural decreases in arterial com-
pliance and not to the functional effects of age-related blood 
pressure increase. Nitzan also reports that the pulse transit 
time parameters are not dependent on diastolic pressure, al-
though measurements are performed at the end of the dias-
tole (15, 16). The average patient age was 41 years, so it can 
be assumed that among our patients, there were no structural 
changes of the blood vessel wall that could impact the arterial 
compliance. Babchenko (13, 14) highlights that arterial com-
pliance increases because of decreased sympathetic activity, 
which results in higher arterial wall tension and higher pulse 
pressure speed. The results of our research also confirm the 
previous findings.

In addition, there were no hypotensive episodes observed in 
our patients during the first 25 minutes after the administra-
tion of the epidural block, hence, no vasoconstrictive agents 
were used during the period of our photoplethysmography 
recordings.

Table 1. Demographic data of the patients

Age (years) 41 (23-45)

Body weight (kg) 84 (60-102)

Body height (cm) 179 (158-191)

Data are presented as median (range).

Table 2. Results

  During lumbar 
 Before  epidural  
 anaesthesia  anaesthesia 
 n=40  n=40 p*

Area under the curve  0.042 0.2461 0.0001 
(µVsec)  (0.010–0.1244)  (0.0566–0.5490) 

Amplitude (µV) 0.084 0.542 0.0001 
  (0.028–0.213)  (0.147–0.963) 

Pulse transit time (sec) 0.3000 0.3050 0.007 
  (0.2350–0.3458)  (0.2667–0.3600) 

Data are presented as median (range). *Wilcoxon’s pair test.
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Conclusion

A statistically significant increase in the area under the curve 
of the finger photoplethysmography, as well as the amplitude 
of the finger photoplethysmography and the pulse transit 
time 25 minutes after the administration of the lumbar epi-
dural block, is in a tight connexion with the increase in arte-
rial compliance, which results from the decreased tone of the 
blood vessel muscle wall, as a consequence of the sympathetic 
block.

The area under the curve of the finger photoplethysmography 
is a reliable method for detecting changes in sympathetic ac-
tivity caused by lumbar epidural anaesthesia. It can be used 
to detect the degree of the sympathetic block and respective-
ly evaluate the success of the epidural sensory block. Future 
prospects include the detection of the sympathetic block ces-
sation as an indicator for discharge from the awakening room 
and the beginning of the patient verticalisation.
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