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Introduction
Critical limb ischemia (CLI) is a 
severe obstruction of the arteries which 
markedly reduces blood flow to the 
extremities (hands, feet, and legs) and 
has progressed to the point of severe pain 
and even skin ulcers, sores, or gangrene. 
The pain caused by CLI can wake up an 
individual at night. This pain is also called 
“rest pain” and is often in the leg. CLI 
needs immediate comprehensive treatment 
by a vascular surgeon or vascular specialist. 
This condition will not improve on its 
own. With the rise in risk factors such as 
smoking, diabetes, lifestyle changes, etc., 
there has been an increase in the number of 
patients presenting with CLI to a vascular 
surgeon.

Intraoperative and postoperative flow 
monitoring should be used in these high‑risk 
patients undergoing vascular surgery 
to improve outcomes and reduce costs. 
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Abstract
Background: Intra and postoperative perfusion monitoring should be used in critical limb ischemia 
patients undergoing vascular surgery to improve outcomes and reduce costs. While a pulse oximeter 
can be applied on the affected limb to monitor the arterial saturation of the limb, thus reflecting 
flow in that limb, we need to focus on other important parameters like muscle oxygen consumption 
and regional blood flow for a good outcome. Near‑infrared spectroscopy (NIRS) can be used in 
such patients to monitor regional and tissue oxygenation. Methodology: In this prospective 
observational study, 30 adult patients undergoing infra‑inguinal bypass were recruited. All these 
patients were given combined spinal‑epidural anesthesia. In addition to routine monitoring, a pulse 
oximeter and NIRS electrodes were applied on the affected limb. rsO2, limb spO2, and Doppler 
signals were noted before the induction of anesthesia (baseline) and postoperatively at 0, 6, and 12 h. 
Improvement in rsO2 and limb spO2 values after surgery was noted and fall in these values was 
evaluated. Pearson correlation between rsO2 and limb spO2 was assessed. The data was analyzed 
using repeated‑measures ANOVA. Results: Pearson correlation between rsO2 and limb spO2 was 
r > 0.8. Two patients had a fall in rsO2 in postoperative period, which co‑related with a fall in limb 
spO2 and decreased/absent Doppler signals. Conclusion: NIRS represents a noninvasive and reliable 
means to monitor limb perfusion in patients undergoing vascular surgery for rest pain.
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While a pulse oximeter can be applied on 
the affected limb to monitor the arterial 
saturation of the limb, thus reflecting flow 
in that limb, we need to focus on other 
important parameters like muscle oxygen 
consumption and regional blood flow for a 
good outcome.

Near‑infrared spectroscopy (NIRS) was 
introduced as a technique to determine the 
degree of tissue oxygenation several decades 
ago.[1] NIRS is a noninvasive technique that 
allows determination of tissue oxygenation 
based on spectrophotometric quantitation 
of oxy‑ and deoxyhemoglobin within a 
tissue.[2]

NIRS principle is based on the use of 
near‑infrared electromagnetic waves for 
qualitative and quantitative assessments 
of molecular factors related to tissue 
oxygenation. Although this technique can 
be applied in any tissue, it is primarily used 
for monitoring peripheral oxygenation in 
the muscle.[2]
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NIRS has also been used for the determination of oxygen 
consumption in muscle during exercise.[3]

Hence, we hypothesize that by using NIRS in the intra and 
postoperative period, we can reliably monitor the regional 
and tissue saturation of the operative limb, and can serve as 
a good guide to oxygen consumption in the affected limb, 
besides reflecting changes in flow in that limb. All this 
could contribute to a better outcome in the patient.

The aim of this observational study was to observe the 
efficacy of NIRS in monitoring regional oxygen saturation 
and detecting complications in the affected limb and 
whether it can have a role in predicting a good outcome of 
the patient operated for critical leg ischemia.

Methodology
Ethical approval was taken from Hospital Ethics Committee 
dated 27‑04‑2018. Written informed consent was 
obtained from 30 adult patients undergoing infra‑inguinal 
bypass surgery in this prospective observational study, 
over 6 months. Demographics of the recruited patients is 
depicted in Table 1. All these patients were given combined 
spinal‑epidural anesthesia. Intraoperative monitoring 
was done with noninvasive blood pressure (NIBP), pulse 
oximeter, and ECG tracing. In addition, a pulse oximeter 
was applied on the affected limb. NIRS monitoring was 
also done on the operative limb. A rsO2 and limb spO2 
value was obtained at baseline, before the induction of 
anesthesia. Intraoperatively, rsO2 and limb spO2 values 
were monitored throughout the procedure. Post‑procedure 
continuous rsO2 and limb spO2 monitoring was done for 
12 h and values were noted immediately after, at 6 h and 
at 12 h after shifting to recovery. A Doppler study was also 
done at all these time intervals, i.e., at baseline and at 0, 
6, and 12 h after shifting to recovery. If Doppler signals 
were absent, it was mentioned as 0 in the proforma and if 
present, it was mentioned as 1.

Improvement in rsO2 and limb spO2 values after surgery 
was noted and fall in these values was evaluated. It was 
decided to perform a Doppler examination if a fall in rsO2 
or limb spO2 was observed and to take corrective measures 
based on the Doppler examination.

The correlation between rsO2 and limb spO2 values was 
observed. Whether a decline in rsO2 values co‑related with 
a serious complication like the formation of thrombus was 
evaluated.

Pearson correlation was assessed between rsO2 and spO2 at 
different time intervals. Correlation coefficient values range 
from being negatively correlated (−1) to uncorrelated (0) 
to positively correlated (+1). (0.0 is no association, +0.2 
is weakly positive, +0.5 is moderately positive, +0.8 is 
strongly positive, +1.0 is perfectly positive).

The data was analyzed using repeated‑measures ANOVA. 
A P value <0.05 was considered statistically significant.

Results
rsO2 and limb spO2 showed positive correlation (Pearson 
correlation r > 0.8) [Table 2].

There was an improvement in spo2 and rso2 values from 
their respective baseline values with improvement in blood 
flow after surgery, i.e., P values were significant for both 
rso2 and spo2 values when compared between their:
1) baseline and post procedure
2) baseline and at 6 h
3) baseline and at 12 h [Table 3].

The improvement in blood flow after surgery was confirmed 
by Doppler signals.

Two patients had a fall in rsO2 and limb spO2 in the 
recovery. Immediate Doppler examination was done to 
confirm absent/decreased limb blood flow in these patients. 
In one of the patients, the Doppler signals were absent 
and patient was taken up for reexploration. In the second 
patient, the Doppler signals were weak and it was decided 
to administer heparin infusion to that patient.

Discussion
From the results of the present study, it can be observed 
that rsO2 very reliably co‑relates with improvement in limb 
flow. To monitor improvement in limb flow, we used limb 
spO2 and Doppler signals in our study.

Two patients had a fall in rsO2 in the present study. In one 
of these patients, the rsO2 value became unrecordable. In 
that patient, the spO2 value also became unrecordable. On 
Doppler examination, the patient had absent signals and 
was taken up for reexploration in which a thrombus was 
detected.

Table 2: Pearson correlation values between rsO2 and spO2
Correlation coefficient

Baseline 0.99
At 6 h 0.90
At 12 h 0.91

Table 1: Demographics and co‑morbidities of the 
recruited patients

Demographic variables and co‑morbid 
conditions

Observed 
values/ number 
of patients with 
the co‑morbid 

condition
Age (in years) 55.24±10.54
Sex (Male:Female) 22: 8
Diabetes Mellitus 18
Hypertension 20
H/o any previous neurological event (TIA, 
stroke, motor weakness)

5

H/o any previous cardiac event (chest pain, 
MI)

2
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In the second patient, the rsO2 decreased from 43 to 
30 (significant decrease of 30%). But the spO2 mildly 
fell from 54% to 49% (i.e., 9%). The patient had weak 
Doppler signals and it was decided to start a heparin 
infusion for this patient. Gradually the rsO2, spO2, and 
Doppler signals improved in this patient. Thus, we see 
that NIRS can play a very important role in noninvasively 
diagnosing and monitoring perioperative complications in 
such patients.

The additional benefit of using NIRS over limb spO2 
is that limb spO2 only provides information about the 
arterial saturation in the affected limb, while NIRS reflects 
regional oxygen saturation, tissue oxygenation, and oxygen 
consumption in the affected limb. Moreover, pulse oximetry 
is not a very sensitive test for peripheral vascular disease 
as concluded by Jawahar et al.[4] who found that only 54% 
of patients with severe PVD had an abnormal baseline limb 
spO2, with an additional 23% having an abnormal reading 
when the limb was elevated to 12 inches. Another issue 
with pulse oximetry is that pulse oximeters do not reliably 
predict change in saO2 at low arterial hemoglobin‑oxygen 
saturation.[5]

Again, the additional advantage over Doppler is that NIRS 
can be monitored continuously as opposed to Doppler. In 
fact, if there is a fall in rsO2 value, a Doppler can be done 
at that point of time to confirm fall in flow in that limb and 
hence complications can be detected early in the affected 
limb. This can lead to a better outcome and can decrease 
the amputation rates in these patients.

Already this technique has found its role in monitoring 
peripheral tissue perfusion in critically ill patients.[2] 
Giannotti et al.[6] found that NIRS has utility in the diagnosis 
of lower extremity compartment syndrome in trauma 
patients. Similarly, cerebral NIRS represents an exciting 
prospect for the noninvasive monitoring of cerebral tissue 
oxygenation and perfusion in the context of traumatic 
brain injury (TBI).[7] NIRS has also been used to monitor 
perfusion during carotid endarterectomy.[8,9]

Ubbink and Koopman[10] tried to use NIRS in the routine 
diagnostic work‑up of patients with leg ischemia. They 
concluded that NIRS is a very reproducible tool to assess 
tissue oxygen saturation but is not useful for the routine 
work‑up of patients with leg ischemia. The probable reason 
for this conclusion was the type of subjects enrolled in 
their study. Forty‑four patients were investigated for the 
presence of arterial occlusive disease. Out of the 44 patients 

included, 16 presented with complaints of leg pain, not 
likely to be caused by leg ischemia. Twenty patients had 
intermittent claudication. Nine patients suffered from 
pain at rest. Thus, the subjects were at different stages of 
the disease. Collateral blood flow is initially sufficient to 
supply the tissues with oxygen. However, when the patient 
reaches the stage of rest pain requiring intervention for the 
same, the collateral blood flow is not enough to supply 
adequate oxygen to the tissues. Hence, NIRS may not be a 
useful technique for routine diagnostic work‑up of patients 
presenting with different stages of limb ischemia. However, 
NIRS has got value for patients presenting with rest pain 
scheduled for a procedure and can be effectively used to 
monitor regional oxygen saturation and limb perfusion 
during and after intervention, as can be seen in the present 
study.

One of the limitations of the study is that we did not use 
quantitative Doppler with pulsatility index. We only had 
access to a qualitative Doppler instrument in which we 
could only subjectively quantify the Doppler signals as 
weak, good, or very good signals.

The present study may be regarded as a pilot study which 
has shown a correlation of rsO2 values given by NIRS with 
the Doppler signals. One of the future investigations could 
be at what cut‑off value of rsO2, there is a weakening or 
cut‑off of the Doppler signals. But for that, we need a 
quantitative Doppler with a pulsatility index.

Hence, from the present study, the authors conclude that 
NIRS is a very useful noninvasive technique which can 
provide additional information regarding regional oxygen 
saturation and tissue oxygenation in patients undergoing 
vascular surgery for rest pain. It can be used perioperatively 
as a continuous monitor of limb perfusion and to detect and 
manage complications, ultimately leading to a good patient 
outcome.
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