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Feasibility study of using perfusion index
to predict the timing of laryngeal mask
insertion: an observational study
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Abstract

Background Currently, no objective indicators are available to predict the optimal timing for laryngeal mask
insertion. Anesthesia depth monitoring devices such as the Bispectral Index (BIS) are not widely applicable for day-
surgery patients due to their high cost. Previous literature has reported a correlation between the perfusion index (PI)
and the anesthesia depth. Thus, the aim of this study is to verify whether the Pl can serve as an indicator for predicting
the timing of laryngeal mask insertion.

Methods This trial was conducted at a specialized pediatric hospital, with a final enroliment of 164 pediatric patients.
After the children entered the room, baseline vital signs and PI, were recorded. Three minutes after routine anesthesia
induction, Pl, was recorded, and then a laryngeal mask was inserted. Then children were divided into the body
movement group and the non-body movement group. The diagnostic efficacy of Pl and the Pl ratio for predicting the
timing of laryngeal mask insertion were calculated using ROC curves.

Results The area under the ROC curve (AUCQ) for using Pl to predict the timing of laryngeal mask insertion was 0.641
(95% confidence interval, 0.542-0.740), P=0.009, and the cutoff value was 4.37. When PI>4.37 was used to predict the
timing of laryngeal mask insertion, the sensitivity was 53.2%, and the specificity was 73.7%. The AUC for using the PI
ratio to predict the timing of laryngeal mask insertion was 0.751 (95% confidence interval, 0.657-0.844), P<0.001, and
the cutoff value was 2.955. When the Pl ratio > 2.955 was used to predict the timing of laryngeal mask insertion, the
sensitivity was 85.7%, and the specificity was 63.2%.

Conclusion The Pl ratio is more suitable than Pl alone for predicting the timing of laryngeal mask insertion. When PI
increases to three times the baseline Pl after induction, laryngeal mask insertion can be considered.

Clinical trial registration :This trial was registered at the Chinese Clinical Trial Registry (https://www.chictr.org.cn.
Registration number ChiCTR2400083111, Weiwei Cai, 16 April 2024.)
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Introduction

The laryngeal mask is a supraglottic airway device that
is easy to insert, does not damage the airway, and causes
minimal stimulation, making it widely used in pre-hospi-
tal emergency care, anesthesia, and intensive care units
[1]. Since the emergence of laryngeal mask, the usage
of the laryngeal mask (first generation) has reached
500 million, the safety of laryngeal mask use deserves
the attention of anesthesiologists. Currently, the timing
for laryngeal mask insertion remains unclear. In cases
of shallow anesthesia, inserting the laryngeal mask may
lead to body movement and hemodynamic fluctuations,
increasing the risks of throat injury, tooth loss, oral
bleeding, and laryngospasm. In clinical practice, doctors
often assess the timing for laryngeal mask insertion by
lifting the patients’ jaw to observe for any response, but
this method is generally not reliable. If A-line Autore-
gression Index (AAI) or bispectral index (BIS) is used to
monitor the depth of anesthesia to determine the timing
of inserting a laryngeal mask [2], it will increase health-
care costs and is not easy to implement widely in clinical
practice. Therefore, finding a simple, cost-effective, reli-
able, and objective new indicator has important clinical
significance.

The perfusion index (PI) is calculated by pulse oxim-
eters based on the pulse wave at the end of the limb. It
represents the ratio of pulsatile blood flow to non-pul-
satile blood flow at the monitoring site, reflecting the
perfusion of peripheral tissues. Currently, it is widely
used for predicting the effects of nerve block, monitor-
ing hemodynamic changes, and guiding fluid therapy
[3-8]. In recent years, some studies have found a correla-
tion between changes in PI values and anesthesia depth.
Krishnamohan A et al. [9] discovered that PI can pre-
dict the depth of anesthesia in pediatric patients. Pei-Pei
Liu et al. [10] found a strong correlation between PI and
BIS. Additionally, Abdel-Ghaffar et al. [11] noted that PI
also demonstrates a good correlation with AAI(A-line
Autoregression Index) in monitoring anesthesia depth.
Therefore, we hypothesize that PI may reflect the depth
of anesthesia in children. Currently, there are no stud-
ies focused on the use of PI for predicting the timing of
laryngeal mask insertion. Therefore, this research has
a certain level of innovation. The aim of this trial is to
explore whether PI can be used to predict the timing of
laryngeal mask insertion, and provide a theoretical basis
for clinical practice.

Materials and methods

This study was performed at the Children’s Hospital of
Nanjing Medical University from May to June 2024 and
was approved by the Ethics Committee of the Children’s
Hospital of Nanjing Medical University (approval num-
ber:202402006-1). Inclusion criteria: (1) Patients aged
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6-10 years undergoing elective general anesthesia for
inguinal hernia repair. (2) Patients can cooperate with
the medical staff. Exclusion criteria: (1) Patients with pre-
existing cardiopulmonary diseases and cannot tolerate
non-intubated general anesthesia, (2) Emergency patients
with a full stomach, (3) Patients undergoing head, neck
or oral surgeries, (4) Patients with neurological disor-
ders, and receive treatment with antiepileptic or antide-
pressant medications, (5) Preoperative use of vasoactive
drugs, (6) Preoperative use of sedatives, (7) Patients’
guardians do not agree to participate in this trial.

Anesthesia

An intravenous route was established before the patient
was brought to the operating room. Upon entering, a
pulse oximeter (model: Mecun, MC-FA-1) was used to
monitor PI and SpO,, along with monitoring tempera-
ture, blood pressure, ECG, and respiratory rate. Once PI
stabilized within a certain range, the preoperative vital
signs (T1) were recorded. Induction drugs included 10%
propofol 3 mg/kg, sufentanil 0.3ug/kg (the concentration
of sufentanil was 1ug/ml), and anesthesia was maintained
using sevoflurane 2-3%, all drugs were administered
slowly (each drug was administered over 30 s to 1 min)
to maintain spontaneous breathing. Three minutes after
induction, a laryngeal mask (selected according to the
patient’s weight, NINGCHUANG MEDICAL, China)
was placed. Vital signs were recorded at the time of
laryngeal mask insertion (T2) and 5 min after the start
of surgery (T3), and whether the patients exhibited body
movement was also recorded. If the child exhibited body
movement during the insertion of the laryngeal mask,
the insertion was stopped, then 1 mg/kg propofol and 0.1
ug/kg sufentanil were administered intravenously, and
three minutes later the laryngeal mask was re-inserted, if
this attempt failed, the patient would be excluded from
this trial.

Pl monitoring

PI is calculated by the pulse oximeter based on the pulse
waveform at the end of the limb, representing the ratio
of pulsatile blood flow to non-pulsatile blood flow at
the monitoring site. After entering the room, the sensor
(model: Mecun, MC-FA-1) was placed at the distal end of
the index finger on the infusion side, and the monitoring
area was shielded from light. Once the PI value stabilized
(PI values fluctuated within +0.2), the median value was
recorded. The PI recorded at time T1 was noted as PI;
(baseline PI), The PI was recorded at time T2 was noted
as PI,, and the PI recorded at time T3 was noted as PI;.

Definition of movement
Movers were defined as patients who showed any vis-
ible spontaneous muscle movement, such as withdrawal
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or flexor movement of the arms and legs, frowning of
the forehead muscles or coughing, within 1 min of LMA
insertion [2].

Outcome variables

The primary outcomes are the patients’ PI values (PI;,
PI,, PI;). The secondary outcomes include the PI ratio
(PL,/PL,), the patients’ baseline data (gender, age, height,
weight, etc.), as well as vital signs at T1, T2, and T3.
Additionally, whether the patients exhibited body move-
ment during laryngeal mask insertion and whether any
complications occurred during the procedure (such as
oral bleeding, patient falling from the bed, dental injuries,
laryngospasm, bronchospasm, etc.) were also recorded.

Statistical analysis
This study utilized GPower 3.1 software for sample size
estimation. In preliminary pilot trials, we observed that
the mean PI, in the movement group was approximately
3.9, while that in the non-movement group was approxi-
mately 4.7. The proportion between the movement and
non-movement groups was approximately 35%. With
a significance level (a) of 0.05, statistical power (1-B) of
0.95, and a 20% loss to follow-up was also considered, the
trial required a minimum of 108 patients. Therefore, this
study meets the necessary sample size requirements.
According to whether the children exhibited body
movement after laryngeal mask insertion, they were
divided into the Body Movement Group (BM Group) and
the Non-Body Movement Group (NBM Group), and the
two groups were compared. SPSS 23.0 software was used
for analysis, and normally distributed quantitative data
were expressed as meantstandard deviation. Indepen-
dent sample t-test was used for group comparisons, and
the Chi-square test or Fisher’s exact probability method
was used for count data comparisons. ROC curve analy-
sis was performed to assess the diagnostic efficacy and
Cutoft value of PI, and PI ratio for predicting the timing
of laryngeal mask insertion.

Results

A total of 170 patients were included in this trial, of
which 6 were excluded due to failed secondary laryn-
geal mask insertion. Finally, 164 patients were included,
including 126 patients in the NBM group and 38 patients
in the BM group (Fig. 1). The baseline data of the children
are detailed in Table 1. The area under the ROC curve for
using PI, to predict the timing of laryngeal mask inser-
tion was 0.641(95% confidence interval, 0.542-0.740),
P=0.009, and the cutoff value was 4.37. When PI>4.37
was used to predict the timing of laryngeal mask inser-
tion, the sensitivity was 53.2%, and the specificity was
73.7%. The area under the ROC curve for using the PI
ratio to predict the timing of laryngeal mask insertion
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was 0.751 (95% confidence interval, 0.657-0.844),
P<0.001, and the cutoff value was 2.955. When the PI
ratio>2.955 was used to predict the timing of laryngeal
mask insertion, the sensitivity was 85.7%, and the speci-
ficity was 63.2% (Fig. 2; Table 2). There were statisti-
cal differences in PI;, PI,, and PI,/PI; between the two
groups, while no significant statistical difference was
observed in PI; (see Figs. 3 and 4).

In this trial, the BM Group had 5 patients with oral
bleeding, 3 children with laryngospasm, and 1 patient
with tooth loosening. In the NBM Group, 1 patient expe-
rienced tooth loosening. Besides, no other complications
were observed(Table 3).

Discussion
As a supraglottic ventilation device, the laryngeal mask
airway is widely used in clinical practice due to its simple
insertion and minimal damage to the airway. However,
when the laryngeal mask is inserted during shallow anes-
thesia, it can cause children to exhibit resistance to the
mask, which may result in serious complications such as
oral bleeding, tooth loosening, and laryngospasm, endan-
gering the safety of the patient during the perioperative
period. Therefore, choosing the appropriate timing for
the placement of the laryngeal mask is crucial. At pres-
ent, the timing of laryngeal mask insertion mainly relies
on clinicians manually supporting the patient’s lower jaw
and subjectively judging by observing whether the patient
responds. Currently, there is still a lack of objective indi-
cators. This study found that both PI and PI ratio can be
used to determine the timing of laryngeal mask insertion,
but the PI ratio has higher accuracy, sensitivity, and spec-
ificity compared to PI. Therefore, the PI ratio can be used
to predict the timing of laryngeal mask insertion.
Perfusion index (PI) is calculated by a special pulse
oximeter based on the pulse waves at the extremities.
It represents the ratio of pulsatile blood flow to non-
pulsatile blood flow at the monitored side, reflecting the
perfusion level of local tissues. Now, this indicator is
commonly used in clinical practice to predict the effect
of nerve block, guide the use of vasoactive drugs, pre-
dict hypotension after induction, and assess the severity
of pain, etc. Additionally, some researchers have found a
correlation between PI and anesthesia depth, and stud-
ies have also shown a correlation between neurophysio-
logical arousal function and sympathetic nervous system
tension [12]. After general anesthesia, peripheral vas-
cular tension decreases, terminal blood flow perfusion
increases, and PI rises. After surgery, the patient gradu-
ally awakens, the tension of the sympathetic nervous
system gradually increases, peripheral vascular resis-
tance increases, terminal blood flow perfusion decreases,
PI gradually decreases, and returns to baseline levels.
Anirudh Krishnamohan et al. [9] found a correlation
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Statistical analysis

Fig. 1 Patients inclusion and trial data collection flowchart

between PI and the minimum effective concentration
(MAC) of alveolar gas, and the perfusion index changed
significantly during different stages of anesthesia. An
observational study [11] found a correlation between
PI and AAIL When AAI<25 was used as the intubation
indicator, ROC curve analysis showed that the optimal PI
for intubation was 1.48. In addition, Peipei Liu et al. [10]
found a correlation between BIS values and PI in patients
under different sedation states during anesthesia resusci-
tation. These studies suggest that PI can be used to pre-
dict anesthesia depth, providing a theoretical basis for PI
to predict the timing of laryngeal mask insertion. Hosam
M Atef et al. [13] found that PI can be used to monitor
sympathetic response during laryngeal mask insertion in
adult patients, which is similar to this study.

PI is an indicator of central and peripheral perfu-
sion status, primarily determined by cardiac output and
the balance between sympathetic and parasympathetic

states. When the sympathetic nervous system is acti-
vated, peripheral vasoconstriction occurs, leading to a
decrease in local tissue perfusion, while the impact on
vital organ perfusion is relatively minor. Therefore, the
variability of PI at the finger site is relatively high. In this
study, it was found that there was a statistical difference
in baseline PI between the two groups of patients, indi-
cating that there was a significant difference in baseline
PI between individuals. This suggests that using finger PI
as an indicator to predict the timing of laryngeal mask
insertion has certain limitations. In this study, the area
under the ROC curve for PI in predicting the timing of
laryngeal mask insertion was 0.641.

The sensitivity of P1>4.37 for predicting the timing of
laryngeal mask insertion was only 53.2%, and the speci-
ficity was 73.7%. Due to the significant impact of base-
line variability on diagnostic efficacy, the reliability of
this indicator is poor. The PI ratio refers to the ratio of PI
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Table 1 Baseline information of the children

BM Group NBM group(n=126) P
(n=38) value

Age (y) 7314124 7004122 0.175
Gender

Male 26 87 0.942

Female 12 39
Height (cm) 1287141220 1256341266 0.187
Weight (kg) 28.20+7.62 27.05+8.71 0464
HR

T (K/4Y) 118.37+24.73 116.06+26.75 0.635

T2 (IR/4Y) 107.11+14.19 104.75+17.60 0451

T3 (R/4Y) 112.03+16.91 108.02+19.31 0.251
MAP

T1 (mmHg) 81.03+14.10 85.98+14.70 0.068

T2 (mmHg) 69.61+10.29 69.40+11.00 0917

T3 (mmHg) 7047 +£14.49 7046 +14.68 0.966
LMA

2 14 41 0.797

25 14 45

3 10 40

BM Group: Body Movement Group, NBM Group: Non-Body Movement Group,

HR: Heart rate, MAP: Mean arterial pressure, LMA: laryngeal mask airway
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Fig. 2 Receiver operator curve (ROC) to assess the ability of Pl and Pl ratio
to predict the timing of laryngeal mask insertion
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Fig. 3 Perfusion index (Pl) atT1,T2,and T3

before laryngeal mask insertion to baseline PI. Previous
studies [14] have used this indicator to predict the effec-
tiveness of nerve block and found that the PI ratio can
mitigate the impact of high baseline PI variability. Com-
pared to PI alone, the PI ratio is better suited for predict-
ing the effects of nerve block. Therefore, this study used
the PI ratio to predict the timing of laryngeal mask inser-
tion, with an area under the ROC curve of 0.751, indi-
cating a higher diagnostic efficacy compared to using PI
alone. The sensitivity and specificity of PI ratio>2.955
for predicting the timing of laryngeal mask insertion are
85.7% and 63.2%, respectively. It means that the PI ratio
is more suitable for predicting the timing of laryngeal
mask insertion; thus, when PI increases to three times
the baseline level after induction, laryngeal mask inser-
tion may be considered.

As an upper airway management tool, laryngeal mask
has become increasingly widespread in perioperative
care in recent years. However, the process of inserting the
laryngeal mask can lead to damage to the throat, poten-
tially causing complications that jeopardize the safety of
pediatric patients during the perioperative period. There-
fore, it is very important to ensure the safety of patients
under general anesthesia with a laryngeal mask. In this
study, 5 children in the BM Group experienced oral
bleeding and 3 children experienced laryngeal spasms,
primarily due to patient movement during the insertion

Table 2 The area under the ROC curve for Pl and Pl ratio in predicting the timing of LMA insertion

AUC Standard P Cut-off 95% confidence interval
error value value Lower limit Upper limit
Pl 0.641 0.051 0.009 4370 0.542 0.740
Pl ratio 0.751 0.048 <0.001 2955 0.657 0.844

AUC: Area under the ROC curve, LMA: Laryngeal mask airway
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Table 3 Complications between the two groups
BM Group(n=126) NBM Group P

(n=38) Value
Oral bleeding n(%) 0(0%) 5(7.89%) 0001
Laryngospasm n(%) 0(0%) 3(5.26%) 0012
Tooth loosening n(%) 1 (0.78%) 1(2.63%) 0411

process. This resulted in friction between the laryngeal
mask and the oral mucosa, which lead to bleeding. Sub-
sequently, the blood reflux stimulated the glottis, caus-
ing laryngospasm. After positive treatment, the children
completed the surgery. The non-movement group dem-
onstrated a significantly lower incidence of the aforemen-
tioned complications compared to the movement group,
indicating that laryngeal mask insertion under adequate
anesthesia depth reduces adverse events. By monitoring
Perfusion Index (PI) changes and delaying insertion until
PI reaches the critical threshold, clinicians may further
minimize laryngeal mask-related complications. In addi-
tion, conventional monitoring of anesthesia depth such
as BIS can be costly, comparatively and is not suitable
for large-scale use in patients undergoing day surgery.
However, PI values are free, non-invasive, easy to obtain,
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and can be monitored for their dynamic changes in real
time. Thus, it is more suitable than anesthesia monitoring
devices such as BIS for determining the timing of laryn-
geal mask insertion in patients undergoing day surgery.

There are several limitations in this study: (1) This trial
is a single-center, small-sample study. Further research
is needed to determine the specific values of PI and PI
ratio for predicting the timing of laryngeal mask inser-
tion. (2) The observational metric in this trial was the
PI measured at the fingertip, which has a high degree of
variability, and some literature reports that the PI at the
earlobe is more stable. When the sympathetic nervous
system is activated, to ensure the perfusion of important
organs, the blood vessels at the end of the fingers con-
tract, and the PI decreases significantly. Therefore, the
variability of PI at the finger is relatively large, while the
earlobe is close to the brain, and its perfusion can be rela-
tively guaranteed, resulting in a more stable measured
PI [15]. Therefore, further studies can consider using
earlobe PI as an observation indicator. (3) The age range
of the observed children in this experiment was mainly
6-10 years old. Further research is required to determine
the specific PI values for children under 6 years old and
over 10 years old. 4)The type of surgery in this study was
inguinal hernia repair, and further exploration is needed
for other types of surgeries. 5) The potency of propofol
and sufentanil produced by different manufacturers may
vary, which can lead to variations in the results.

This study shows that both PI and PI ratio can be used
to predict the timing of laryngeal mask insertion. How-
ever, due to the high variability of baseline PI, the PI ratio
can eliminate the impact of baseline variability, making
it more suitable for predicting the timing of laryngeal
mask insertion. When the PI measured at the fingertip
increases to three times the baseline PI after induction,
laryngeal mask insertion can be considered.
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