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Introduc�on

Spinal anesthesia induced hypotension frequently 

complicates Cesarean delivery. Measurement of perfusion 

index derived from pulse oximeter predic�ng hypotension 

during the intraopera�ve course could provide new 

dynamism in preven�on of hypotension, improving safe 

execu�on of anesthesia. 

Objec�ves

The primary objec�ve of this study was to compare 

incidence of hypotension following spinal anesthesia for 

LSCS in pa�ents with baseline PI ≤ 3.5 to those with PI > 3.5. 

The secondary objec�ves were to compare PI, HR, SBP, MAP 

and adverse effects between the two groups.

Methodology

This prospec�ve observa�onal study was conducted at 

Nobel Medical College Teaching Hospital from to July 2019 

to October 2019. 73 Term parturients presen�ng for elec�ve 

cesarean delivery were included for the study. Spinal 

Anesthesia with 10 mg of 0.5% heavy Bupivacaine and 20 

mcg Fentanyl (total 2.4ml) was given. Pa�ents with baseline 

PI ≤ 3.5 and those with PI > 3.5 were compared for HR, SBP, 

MAP, PI and adverse events. 

Results

The incidence of hypotension in Group I was 18.8% 

compared to 81.3% in Group II. This was highly significant 

(P = 0.000, odds ra�o 0.11). On Spearman's rank correla�on 

highly significant correla�on between baseline PI >3.5 and 

number of episodes of hypotension (rs 0.482, P = 0.000) was 

found. The sensi�vity and specificity of baseline PI with cut-

off 3.5 for predic�ng hypotension were 81.3% and 66.7% 

respec�vely. ROC curve analysis showed 3.53 as appropriate 

cut-off for our findings. The area under the ROC curve (AUC) 

was 0.734.

Conclusion 

This study demonstrates that baseline PI of > 3.5 correlates 

with incidence of hypotension a�er spinal anesthesia for 

cesarean delivery in healthy parturients compared to a 

baseline PI of < 3.5.
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INTRODUCTION

Spinal anesthesia induced hypotension frequently 
complicates Cesarean delivery. Spinal anesthesia induced 
hypotension is usually a�ributed to sudden sympatholysis 
due to local anesthe�cs ac�ng on spinal nerve roots leading 
to splanchnic vasodilata�on and peripheral pooling of blood 

1-4 causing decreased venous return.  This can be aggravated 
by physiological changes of pregnancy leading to change in 
baseline peripheral vascular tone. 

Strategies to prevent hypotensive episodes should be the 
primary aim of anesthe�c management. In most of the 
pa�ents it is o�en difficult to predict hypotension despite 
assessment of risk factors. The perfusion index (PI) derived 
from a pulse oximeter has been used for assessing peripheral 
perfusion dynamics due to changes in peripheral vascular 

5,6 tone.  PI is a non-invasive method of assessing the rela�ve 
vascular tone with the use of pulse oximeter which 
calculates the ra�o of pulsa�le versus the non-pulsa�le 

7component of the blood flow.  Thus, PI is a con�nuous and 
noninvasive measure of peripheral perfusion obtained from 
a pulse oximeter. 

So, a simple noninvasive measurement of perfusion index 
derived from pulse oximeter predic�ng hypotension during 
the rou�ne intraopera�ve course could provide a new 
dynamism to the management of anesthesia, improving the 
safe execu�on of anesthesia. Thus, this study aimed to 
observe whether baseline preanesthe�c PI could predict 
hypotension a�er spinal anesthesia for cesarean delivery.

METHODOLOGY

This prospec�ve observa�onal study was conducted a�er 
ethical approval at Nobel Medical College Teaching Hospital 
from to July 2019 to October 2019. Term parturients 
presen�ng for elec�ve cesarean delivery were included for 
the study. A pilot study was conducted in 20 parturients 
using a baseline PI of 3.5 as cut-off point as suggested in a 

8study by Toyama et al.  and a difference in the incidence of 
hypotension of 41.41% was found when those 20 pa�ents 
were divided into two groups based on cut-off point of 3.5 
(PI ≤3.5 [nine pa�ents] and PI >3.5 [eleven pa�ents]). 
Keeping the confidence interval at 95%, a minimum of 30 
parturients were required in each group, to achieve a power 
of 90%. Parturients involved in the pilot study were not 
considered for the final analysis.

A wri�en informed consent for the study was obtained from 
all pa�ents. Exclusion criteria included pa�ent refusal, 
emergency indica�on, known contraindica�ons to spinal 
anesthesia, pa�ents with BMI > 40, preeclampsia, placenta 
previa or with comorbidi�es like cerebrovascular or 
cardiovascular disease and gesta�onal diabetes. Pa�ents 
with more than two a�empts to lumbar puncture were also 
excluded from the study.

Thorough preanesthe�c evalua�on was done a day before 
surgery. The pa�ents were kept nil per oral for eight hours 
and standard premedica�on with Rani�dine 50mg and 
Metoclopramide 10mg IV were administered 30 minutes 

prior to anesthesia. Upon arrival in the opera�on room, 
standard monitors were a�ached and baseline HR, SBP, DBP, 
MAP, PI and SPO2 were recorded in supine posi�on. All 
values of PI were taken from Mindray uMEC 12 monitor. The 
pa�ents with baseline PI ≤ 3.5 were enrolled into Group I 
and those with a PI > 3.5 were enrolled into Group II. A 
different monitor was used for monitoring SPO2 while 
giving spinal anesthesia and the original monitor was 
a�ached as soon as the pa�ent was returned to the supine 
posi�on. The managing anesthesiologist was blinded to the 
value of baseline PI. Spinal Anesthesia with 10mg of 0.5% 
heavy Bupivacaine and 20mcg Fentanyl ( total 2.4ml) was 
given at L3-L4 interspace in si�ng posi�on using midline 
approach. Pa�ent was then returned to supine posi�on with 
le� lateral �lt of 15 degrees to facilitate le� uterine 
displacement. Upper sensory level was checked at 5 
minutes using alcohol swab. Once T-6 level was reached, 
surgery was started. Maternal SBP, DBP, MAP, HR and PI 
were recorded at 1 minute intervals between spinal 
injec�on and delivery and then 3 minutes un�l end of 
surgery.

Clinically relevant hypotension was defined as the decrease 
in MAP by 20% or more from baseline value. It was ini�ally 
treated with 200 ml Ringer's lactate solu�on, if ineffec�ve, 5 
mg Mephenteramine was given intravenously. Clinically 
relevant bradycardia was defined as a heart rate decrease to 
< 50 beats/minutes and was treated with 0.01 mg/kg 
atropine intravenously. 

RESULT

Figure 1: CONSORT flow chart

In total, 73 pa�ents were enrolled in the study. Five pa�ents 
were excluded from the study due to inadequate level of 
spinal anesthesia or requirement of addi�onal oxytocics. 
Hence, 68 pa�ents were taken for the final analysis 
(Figure 1). The pa�ent characteris�cs like the demographics, 
obstetrics and other pa�ent data were comparable in both 
the groups (Table 1).
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Table 1: Pa�ent Characteris�cs (Values are expressed in 
Mean±SD and Median (IQR)*)

The baseline HR, SBP and MAP in both the groups were 
comparable. HR was comparable throughout the course 
[Figure 2]. SBP was comparable in both the groups except for 
5 to 8 minutes a�er spinal anesthesia where it was 
significantly different [Figure 3]. MAP values showed 
significant difference at 5-7 minutes of spinal anesthesia 
and 3 and 6 minutes a�er delivery [Figure 4].

The baseline PI in Group I and Group II were 1.93 and 4.95 
respec�vely. There was decrease in PI in both the groups 
a�er spinal anesthesia and delivery.  In Group I, there was a 
significant decrease in PI compared to the baseline at 2 
minutes to 6 minutes of spinal anesthesia. Whereas in 
Group II compared to the baseline, the value of PI was 
significantly decreased from 2 minutes of spinal anesthesia 
to 45 minutes a�er delivery [Figure 5].

Figure 2: HR changes over �me

Figure 3:  SBP changes over �me, * P value < 0.05 in between 
the groups

Figure 4:  MAP changes over �me, *P value < 0.05 in between 
the groups

Figure 5:  PI changes over �me, ‡ P value < 0.05 compared to 
baseline in Group I, * P value < 0.05 compared to baseline in 
Group II 

Figure  6:  ROC curves for the baseline PI and the incidence 
of hypotension

The ROC curve analysis showed 3.53 as appropriate cut-off 
for our findings. The area under the ROC curve (AUC) was 
0.734 [Figure 6] [Lower bound 0.608 and upper bound 
0.861, P=0.001]

ISSN: 2542-2758  (Print) 2542-2804 (Online)
1243

Birat Journal of Health Sciences 

Vol.5/No.3/Issue 13/Sept.-Dec., 2020

Pyakurel K et al



Original Research Ar�cle

The incidence of hypotension in Group I was 18.8% (6/30) 
compared to 81.3% (26/38). This was clinically and 
sta�s�cally highly significant (P = 0.000, odds ra�o 0.11). On 
Spearman's rank correla�on we found highly significant 
correla�on between baseline PI >3.5 and number of 
episodes of hypotension (rs 0.482, P = 0.000). The sensi�vity 
and specificity of baseline PI with cut-off 3.5 for predic�ng 
hypotension were 81.3% and 66.7% respec�vely. The RR and 
SpO2 were comparable between the two groups throughout 
the study period. There was no significant difference in 

st thAPGAR scores between the groups at 1  and 5  min. 
Adverse events
Adverse events such as hypotension and nausea and 
vomi�ng were seen in both groups. Significantly high 
incidence of hypotension was observed in Group II 
(P=0.000). Both the groups had Nausea and vomi�ng but 
with no significant difference.

Table 2 - Adverse events

DISCUSSION

This study has demonstrated that a higher PI of > 3.5 is 
significantly associated with hypotension following spinal 
anesthesia for cesarean sec�on. Our study reports the 
sensi�vity and specificity of 81.3 % and 66.7 % for baseline PI 
of 3.5 for predic�ng post spinal anesthesia hypotension. The 
AUC was 0.734 and baseline PI value of 3.53 as appropriate 
cut-off for our findings.

PI has been previously used as a marker for sympathectomy 
a�er epidural anesthesia and also to predict fluid 

5,6,9responsiveness in cri�cally ill pa�ents.  Few studies have 
been carried out for PI to predict hypotension a�er spinal 
anesthesia for cesarean sec�on. The idea of PI being 
associated with hypotension a�er spinal anesthesia is 
related to peripheral vascular tone or the degree of 

5,6vasodilata�on.  By defini�on, PI is the ra�o of pulsa�le to 
non-pulsa�le frac�on of blood volume. So, an increase in 
pulsa�le frac�on as in vasodilata�on or a lower peripheral 
vascular tone corresponds to a higher PI. Spinal anesthesia 
causing sympathectomy in this scenario leads to further 
decrease in peripheral vascular tone resul�ng into 
peripheral pooling of blood thereby hypotension. So, the 
pa�ents with a higher PI have a lower peripheral vascular 
tone and thus have a higher risk of developing hypotension 
a�er spinal anesthesia.

The findings of our study are in line with previous studies by 
8 10Toyoma et al  and Duggapa et al.  In both these studies a 

baseline PI of > 3.5 significantly predicted hypotension a�er 
8spinal anesthesia. Toyoma et al  recorded sensi�vity and 

15specificity for PI 3.5 at 81 % and 86 % whereas Dugappa et al  
reported 69.84 % and 89.29 %. This discrepancy could be 
due to the fact that all the studies including ours have 
methodological differences such as the defini�on of 
hypotension, preloading or co-loading of IV fluid and the 
defini�on of baseline PI.

The incidence of hypotension had a significant difference in 
the two groups when PI of 3.5 was used as a cut off in both 

15 studies by Duggapa et al and ours. The reported incidence 
15of hypotension by Dugappa et al  was 10.5% vs 71.42% 

compared to 18.8% vs 81.3% in our study. This difference in 
the incidence of hypotension was notably different probably 
because of the defini�on of hypotension. They took a 
MAP < 65 mmHg as hypotension whereas we took MAP 
decrease by more than 20% from the baseline as 
hypotension. The other notable difference in methodology 

15was Duggapa et al  had preloaded their pa�ents with RL 500 
ml whereas we co-loaded our pa�ents.

Contras�ng the above findings, the results form Yokose 
11et al  suggests PI not to be a reliable indicator for post spinal 

anesthesia hypotension during cesarean delivery. They have 
made argument highligh�ng several methodological factors 
that may have influenced the discrepancies such as 
defini�on of hypotension, preloading or co-loading of IV 
fluid and method of calcula�on of baseline PI.

Thus it seems hard to come to a conclusion, with all studies 
having important methodological differences. Nonetheless 
with us using more prac�cal methods for defining 
hypotension and co-loading of IV fluids, we believe we 
provide a valid conclusion to this argument. 

LIMITATIONS OF THE STUDY
1. Specific pa�ent monitors showing PI values are 

required. 
2. PI value is sensi�ve to pa�ent movement, anxiety and 

stress that can induce sympathe�c ac�va�on, which in 
turn induces peripheral vasoconstric�on, thus altering 
PI values.

3. Parturients may have significant aortocaval compression 
in supine posi�on which can alter the values of PI.

4. Furthermore, calcula�on of cardiac output or systemic 
vascular resistance which was not done in this study 
could be more direct evidence of cardiovascular 
func�on than blood pressure measurement.

CONCLUSION

This study demonstrates that baseline PI of > 3.5 correlates 
with incidence of hypotension a�er spinal anesthesia for 
cesarean delivery in healthy parturients compared to a 
baseline PI of < 3.5. Thus, a simple noninvasive everyday 
monitor in PI can be used to predict healthy parturients at 
risk of developing hypotension a�er spinal anesthesia for 
cesarean delivery.
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