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Pupil maximum constriction velocity 
predicts post‑induction hypotension 
in patients with lower ASA status: a prospective 
observational study
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Abstract 

Background:  Individuals affected by autonomic dysfunction are at a higher risk of developing hypotension following 
anesthesia induction. Dynamic pupillometry has previously been employed as a means of assessing autonomic func-
tion. This prospective observational study was developed to determine whether pupillary light reflex (PLR) parameters 
can reliably predict post-induction hypotension (PIH).

Methods:  This study enrolled patients with lower ASA status (I-II) undergoing elective surgery. PLR recordings for 
these patients prior to anesthesia induction were made with an infrared pupil camcorder, with a computer being 
used to assess Average Constriction Velocity (ACV), Maximum Constriction Velocity (MCV), and Constriction Ratio (CR). 
PIH was defined by a > 30% reduction in mean arterial pressure (MAP) or any MAP recording < 65 mmHg for at least 
1 min from the time of induction until 10 minutes following intubation. Patients were stratified into PIH and non-PIH 
groups based on whether or not they developed hypotension.

Results:  This study enrolled 61 total patients, of whom 31 (50.8%) exhibited one or more hypotensive episodes. 
Patients in the PIH group exhibited significantly smaller ACV (P = 0.003) and MCV values (P < 0.001), as well as a higher 
CR (P = 0.003). Following adjustment for certain factors (Model 2), MCV was identified as a protective factor for PIH 
(Odds Ratio: 0.369). Receiver operating characteristic (ROC) analyses revealed that relative to CR (AUC: 0.695, 95% CI: 
0.563–0.806; P = 0.004), the reciprocal of MCV (1/MCV) offered greater value as a predictor of PIH (AUC: 0.803,95%CI: 
0.681–0.894; P < 0.001).

Conclusion:  These results indicate that pupil maximum constriction velocity is a reliable predictor of post-induction 
hypotension in individuals of ASA I-II status undergoing elective surgery.

Trial registration:  This study was registered with the Chinese Clinical Trial Registry (registration number: 
ChiCTR2200057164, registration date: 01/03/2022).
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Introduction
Intraoperative hypotension is a frequently observed com-
plication of general anesthesia that is associated with an 
elevated risk of postoperative complications including 
acute kidney injury, heart failure, and stroke [1–3]. Such 

Open Access

*Correspondence:  dml1200@126.com

2 Department of Anesthesiology, Affiliated Jinling Hospital, Medical School 
of Nanjing University, Zhongshan North Road #305, Nanjing, Jiangsu 
Province 210002, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-022-01808-0&domain=pdf


Page 2 of 9Shao et al. BMC Anesthesiology          (2022) 22:274 

hypotension can develop at different times in the context 
of anesthetization through a range of mechanisms [4], 
with post-induction hypotension (PIH) being a particu-
larly common form of this condition that occurs during 
the interval between anesthesia induction and the initia-
tion of surgical stimulation [5]. PIH incidence is thought 
to be associated with the anesthesia-mediated inhibi-
tion of circulation and the lack of stimulation during the 
period of anesthesia induction.

Patients exhibiting autonomic dysfunction and poor 
blood volume are more likely to develop PIH [6, 7]. Blood 
volume status can be assessed through ultrasonographic 
measurements of the diameter of the inferior vena cava 
or subclavian vein and associated collapsibility indices, 
providing an accurate and rapid means of gauging PIH 
risk [7–9]. In contrast, the relationship between auto-
nomic dysfunction and PIH remains incompletely under-
stood, with heart rate variability (HRV) being the only 
generally accepted approach to assessing the autonomic 
nerve function of a given patient despite its high techni-
cal requirements and relatively poor ability to accurately 
predict PIH incidence [6, 10].

Dynamic pupillometry is a newly developed autonomic 
testing tool currently being evaluated to determine the 
association between the pupil and anesthesiological 
endpoints. These include evaluating nociception dur-
ing general anesthesia, quantifying opioid effects, and 
monitoring brainstem function after cardiac arrest and 
traumatic brain injury [11, 12]. Pupillary light reflex 
(PLR) parameters have been associated with patient 
HRV, a method of predicting PIH, in the earlier research 
by Okutucu et  al. [13]. At the same time, in 2019, Ryo-
hei Miyazaki reported that maximum pupil diameter was 
positively correlated with PIH incidences in patients with 
an ASA status of I-II [14]. In light of the results men-
tioned above, the hypothesis that pre-operative varia-
tions in pupillary light responses can act as a reasonable 
predictor of PIH was generated for the present study.

To develop a new method of determining PIH risk, we 
measured the pre-operative pupillary parameters before 
induction in this prospective observational study. Then, 
we examined whether particular pupil parameters can 
act as independent predictors of PIH in individuals with 
lower ASA status (I-II).”

Methods
Patients
This prospective observational study was conducted 
at Jinling Hospital, which is a large Chinese tertiary-
level teaching hospital. The hospital ethics committee 
approved this trial (2022NZKY-013-01), which was reg-
istered with the Chinese Clinical Trial Registry (reg-
istration number: ChiCTR2200057164, registration 

date:01/03/2022). All participating patients provided 
written informed consent.

Eligible patients were individuals 18–64 years of age 
with an ASA physical status of I-II who were scheduled 
to undergo elective surgery under general anesthesia. 
Patients were excluded if they had a history of eye dis-
eases, eye surgery, neuromuscular dysfunction, diabetes 
mellitus, hypertension, thyroid dysfunction, pupil mal-
formations, used drugs that impact pupil size, used alpha 
or beta-blockers, had a scheduled operative duration of 
< 30 minutes, were scheduled to undergo neurosurgery, 
or were undergoing surgical procedures in the lateral 
or prone position. If patients experienced failed arterial 
catheterization, secondary tracheal intubation, a loss of 
mean arterial pressure (MAP) or heart rate (HR) data, or 
a loss of pupil data, they were withdrawn from testing.

Pupillary measurements
All patients waited in the anesthetic preparation room 
before entering the operating room and receiving anesthe-
sia induction. Patients were instructed to rest in the supine 
position for 10 minutes in the preparation room before 
receiving pupillary examinations. Between 9 and 12 AM, a 
single researcher tested all pupillary light reflex responses 
in order to reduce the potential effect of diurnal variation 
on the results. Pupillary measurements were made with an 
infrared pupil camcorder (LRCP 10910; resolution: 1080p; 
focal length: 8 mm; angle: 45° undistorted) [15, 16] that 
was positioned 25 cm above the right pupil and captured 
images at 30 frames/s. Light reflection was achieved using 
a yellow LED light source (color temperature: 5000 K) at an 
equivalent height. Camcorder video data were continuously 
relayed to a computer during the measurement process, 
with image data being processed in an automated manner 
using Adobe Premiere Pro, v 14.0.0 (Adobe, USA). Pupil 
parameters in the resultant images were measured by two 
researchers using ImageJ v 1.51 J8 (National Institutes of 
Health, USA), which was able to enhance pupillary contours 
in processed images in an automated manner with a 0.1 mm 
measurement sensitivity (Fig. 1).

After computer recordings were complete, the Baseline 
Pupil Diameter (BPD), Minimum Pupil Diameter (MPD), 
Pupil Constriction Latency (PCL), Pupil Constriction 
Time (PCT); Average Constriction Velocity (ACV) 
[ ACV =

BPD−MPD

PCT
 ], Maximum Constriction Velocity 

(MCV), and Constriction Ratio (%) 
[ CR =

MPD

BPD
∗ 100% ] were recorded.

Anesthesia management
All patients fasted beginning at 10 PM on the day before 
the scheduled surgery, and no patients had been premedi-
cated. All patients were subjected to electrocardiogram, 
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respiratory rate, blood pressure, pulse, airway pres-
sure, and end-tidal CO2 monitoring. Patients were ini-
tially infused with Ringer’s acetate solution (10 ml/kg/h), 
and induction was administered at 5 min post-arterial 
puncture with all patients undergoing a standard rapid 
sequence induction: 0.04 mg/kg midazolam, 0.3 μg/kg 
sufentanil, 2 mg/kg propofol and cisatracurium 0.15 mg/
kg. At 3 minutes following the administration of the mus-
cle relaxant, an experienced anesthesiologist performed 
endotracheal intubation using a Disposcope endoscope.

Blood pressure measurements
All patients underwent invasive blood pressure monitor-
ing via non-operative radial artery catheterization. Fol-
lowing admission to the operating room, an experienced 
anesthesiologist inserted a 22-gauge arterial catheter (B. 
Braun, Germany) into each patient, with puncture sites 
being selected using the 1–2 cm of the styloid process 
where the radial pulse was most pronounced. The cath-
eter was then connected to a pressure sensor (B. Braun, 
Germany), flushed using heparinized saline, and MAP 
was then recorded every 1 min by the monitor (Mindray, 
China).

Data collection
Patient characteristics including age, sex, weight, height, 
current medications, and comorbid diseases were col-
lected from hospital records. MAP and HR were 
recorded every 1 min from before anesthesia induction 
until 10 min following tracheal intubation, with baseline 
MAP being defined as that taken the data recorded 1 min 
before induction.

PIH was defined as a > 30% reduction in MAP or any 
recorded MAP < 65 mmHg for at least 1 min during the 
interval from induction until 10 min post-intubation. 
Patients were separated into PIH and non-PIH groups 
based on whether or not they experienced any hypoten-
sive episodes during this interval.

Sample size calculations
Based on the results of a prior study, it was determined 
that 22 patients would be required in the two groups to 
detect differences in pupil constriction velocity, while 30 
patients would be required to resolve differences in base-
line pupil diameter [14]. As the incidence of PIH among 
130 patients undergoing general anesthesia in our hospi-
tal was 50%, the minimum number of cases required for 
the construction of a logistic regression model (Model 1) 
was 60. To account for a dropout rate of 10%, a sample 
size of 67 was thus required to provide sufficient statisti-
cal power to the present study.

Statistical analysis
Microsoft Excel (v 2202, Microsoft, USA) was used to 
collect data. The Kolmogorov-Smirnov test was used 
to assess the normality of collected data, with normally 
distributed results being reported as means ± standard 
deviation ( x   ± s) and compared via independent sam-
ple t-tests, while non-normally distributed data were 
reported as the median [interquartile range] and com-
pared via Mann-Whitney U tests. Categorical data were 
compared using chi-square tests and reported as num-
bers (%). Pearson correlation coefficients (r) were used to 
assess the association between pupil measurements and 
the percentage MAP decrease.

The relationship between pupillary parameters and 
PIH incidence was assessed using two multivariate logis-
tic regression models. Considering a strong association 
between pupil parameters and age, age was included indi-
vidually as a variable in model 1 [17]. While Model 2 was 
adjusted for other variables based on the results of our 
studies and other prior large-scale retrospective analyses, 
including age, sex, albumin levels, BMI, ASA grade, and 
baseline MAP [5, 18, 19]. Receiver operating character-
istic (ROC) curves were then used to assess the ability of 
pupillary parameters to predict PIH based on the results 
of these analyses.

Fig. 1  a PLR images decomposed by Adobe Premiere Pro; b The automated enhancement of image borders by ImageJ; c Identified pupil contours
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SPSS v24.0 (IBM, USA) and MedCalc v19.0 (MedCalc 
Software, Belgium) were used for all statistical analyses, 
with P < 0.05 as the threshold of statistical significance.

Results
In total, 72 patients were initially included in this 
study, of whom 4 with diabetes and hypertension were 
excluded. In addition, 7 patients withdrew from this 
study including 2 that underwent secondary intubation, 3 
failed arterial catheterization, 1 with MAP data lost, and 
1 for whom pupillary measurement data were missing. 
Ultimately, data from 61 patients were analyzed, of whom 
31 (50.8%) developed PIH. Surgical procedures included 
gynecological (n = 8), general (n = 14), otolaryngology 
(n = 17), plastic (n = 5), urology (n = 12), and orthopedic 
procedures (n = 5) (Fig. 2).

Patient data
Of the 50.8% (31/61) of enrolled patients that developed 
PIH, 23 exhibited a MAP of < 65 mmHg, while 24 had 
a > 30% reduction in MAP. There were no significant dif-
ferences between patients that did and did not develop 

PIH with respect to preoperative red blood cell counts, 
hemoglobin, hematocrit, propofol, sufentanil, baseline 
MAP, baseline HR, or percentage change in HR. Patients 
in the PIH group, however, were older than those in the 
non-PIH group and exhibited lower preoperative albu-
min levels (Table 1).

Pupillary light reflex data
Relative to patients unaffected by PIH, individuals in the 
PIH group exhibited smaller ACV (P = 0.003) and MCV 
values (P < 0.001), as well as a higher CR (P = 0.003) 
(Table  2). Decreases in MAP were negatively correlated 
with MCV (r = − 0.457; P < 0.001), while they were posi-
tively correlated with CR (r = 0.264; P = 0.040) (Fig. 3).

Regression analysis
Univariate analyses revealed a relationship between PIH 
and ACV, MCV, and CR. Following the adjustment of 
these results for age (Model 1), all three of these vari-
ables remained correlated with PIH. When these results 
were further adjusted for age, sex, ASA physical status, 
albumin levels, BMI, and baseline MAP (Model 2), both 

Fig. 2  Study flow chart
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MCV (OR 0.369, 95%CI 0.067–0.866; P = 0.008) and CR 
(OR 1.185, 95%CI 1.043–1.346; P = 0.009) were identified 
as significant independent predictors of PIH, while ACV 
was weakly associated with PIH (OR 0.240, 95%CI 0.067–
0.866; P = 0.029) (Table 3).

ROC curve analyses
Based on the results of logistic regression, we analyzed 
the predictive power of the MCV and CR for PIH. Given 
that MCV was a protective factor with respect to PIH 
incidence, ROC curve analyses were performed based 
on the reciprocal of MCV (1/MCV). 1/MCV exhibited 
good diagnostic value when used as a predictor (AUC: 
0.803; 95% CI: 0.681–0.894; P < 0.001), with the optimal 
1/MCV cutoff value (0.316 s/mm) yielding respective 

sensitivity and specificity values of 70.97, and 80.00%. 
Relative to 1/MCV, CR exhibited relatively poor diag-
nostic accuracy (AUC: 0.695; 95% CI: 0.563–0.806; 
P = 0.004), with an optimal CR cutoff value of 77.05 
yielding respective sensitivity and specificity values of 
90.32 and 50.00% (Fig. 4).

Discussion
The results of this study revealed that PLR testing prior 
to general anesthesia induction can aid in the identifica-
tion of patients at an elevated risk of developing PIH. In 
this analysis, MCV was found to offer greater predictive 
value, with an AUC of 0.803 (0.681–0.894) and respective 
sensitivity and specificity values of 70.97 and 80.00% at 
an optimal cutoff value of 0.316 s/mm. Relative to MCV, 
CR exhibited relatively poor diagnostic accuracy (AUC: 
0.695; 95% CI: 0.563–0.806), yielding the weak relation-
ship with decreases in MAP. As a potential tool for pre-
dicting PIH, the predictive ability of CR for PIH was less 
reliable.

The incidence of PIH may be related to abnormal auto-
nomic nervous system functionality or increased sym-
pathetic nervous system activity [10, 20]. Both ACV and 
MCV can be leveraged as indices for parasympathetic 
nervous system regulation, with the latter being more 
sensitive in this context [13]. Parasympathetic nerv-
ous system excitation generally results in the slowing of 
the heart rate and a reduction in blood pressure. In this 
study, however, patients with higher MCV values were 
found to be at a lower risk of developing PIH. This may 
be attributable to the fact that patients with hypertension 
and diabetes, who may exhibit impaired autonomic nerve 
function, were excluded from these analyses. Higher 
MCV values among patients with normal autonomic 

Table 1  Patient baseline characteristics

BMI Body mass index, ASA American Society of Anesthesiologists physical 
status, Decrease in MAP =

(

Baseline MAP−Minimum MAP
Baseline MAP

)

× 100%  

Percentage change in HR =

(

Baseline HR−HR at minimum MAP
Baseline HR

)

× 100%
  

Normally distributed results were reported as means ± standard deviation 
( x  ± s), while non-normally distributed data were reported as the median 
[interquartile range]. Categorical data were reported as numbers (%)

PIH (n = 31) no-PIH (n = 30) P

Age overall (years) 42 [29–51] 31 [24–36] 0.007

  18–24 3 (9.7) 8 (26.7)

  25–34 8 (25.8) 13 (43.3)

  35–44 6 (19.4) 6 (20.0)

  45–54 12 (38.7) 2 (6.7)

  55–64 2 (6.5) 1 (3.3)

Gender (M/F) 15/16 17/13 0.517

BMI, kg/m^2 23.06 ± 3.11 23.78 ± 3.64 0.409

ASA (I/II) 3/28 3/27 1.000

History of smoking 7 (22.6) 9 (30.0) 0.510

History of drinking 8 (25.8) 7 (23.3) 0.823

Sinus bradycardia 6 (19.4) 3 (10) 0.504

Sinus arrhythmia 1 (3.2) 0 (0) 1.00

Left ventricular high 
voltage

1 (3.2) 1 (3.3) 1.00

Aortic sclerosis 3 (9.7) 0 (0) 0.248

Red blood cell, 
10^12/L

4.47 [3.98–4.97] 4.40 [4.21–4.91] 0.708

Hemoglobin, g/L 136.0 ± 16.9 136.3 ± 15.8 0.949

Hematocrit 0.404 [0.368–0.442] 0.402 [0.373–0.431] 0.708

Albumin, g/L 42.0 ± 3.0 43.7 ± 3.4 0.046

Propofol, mg 124 [110–140] 141 [106–156] 0.191

Sufentanil, μg 19.0 [16.5–21.0] 21.2 [16.0–23.0] 0.157

Baseline MAP, mmHg 97 ± 13 95 ± 11 0.470

Baseline HR, beats/
min

76 ± 11 75 ± 13 0.749

Decrease in MAP (%) 34.9 ± 8.0 20.7 ± 7.1 < 0.001

Percentage change 
in HR(%)

13.9 ± 10.9 9.8 ± 18.3 0.598

Table 2  Pupil measurement comparisons

BPD Baseline Pupil Diameter, MPD Minimum Pupil Diameter, PCL Pupil 
Constriction Latency, PCT Pupil Constriction Time, ACV Average Constriction 
Velocity, ACV =

BPD−MPD
PCT

 ; MCV Maximum Constriction Velocity, 1/MCV the 
reciprocal of MCV, CR Constriction Ratio (%),CR =

(

MPD
BPD

)

× 100%

Normally distributed results were reported as means ± standard deviation 
( x  ± s), while non-normally distributed data were reported as the median 
[interquartile range]. Categorical data were reported as numbers (%)

PIH (n = 31) no-PIH (n = 30) P

BPD, mm 3.946 [3.415–4.387] 4.166 [3.679–4.752] 0.286

MPD, mm 3.248 [2.756–3.709] 3.300 [2.998–3.538] 0.931

PCL, s 0.200 [0.167–0.233] 0.184 [0.133–0.300] 0.483

PCT, s 0.433 [0.400–0.500] 0.417 [0.392–0.500] 0.618

ACV, mm/s 1.696 ± 0.577 2.118 ± 0.474 0.003

MCV, mm/s 2.736 ± 1.128 3.855 ± 0.882 < 0.001

1/MCV, s/mm 0.372 [0.302–0.476] 0.260 [0.224–0.314] < 0.001

CR, % 82.841 ± 5.903 78.602 ± 4.762 0.003
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function may thus correspond to a greater degree of 
autonomic regulation. Consistently, Muppidi et al. previ-
ously reported that pupil constriction velocity was more 
rapid in patients with normal autonomic nerve function 
relative to patients with impaired autonomic nerve func-
tion. The better autonomic nerve function may enable 
appropriate hemodynamic regulation in patients follow-
ing anesthesia induction, thus preventing PIH [11]. CR 
is an index for the function of the sympathetic nervous 
system, and is positively correlated with LF/HF, which 
corresponds to the status of the sympathetic-parasym-
pathetic system [13]. Here, those patients exhibiting 
higher preoperative CR values corresponding to greater 
sympathetic nervous system tension were found to be at 
a greater risk of developing PIH, in line with prior data 
indicating that patients with higher LF/HF were more 
likely to develop PIH [6]. The drugs used for anesthesia 
induction, particularly propofol and sufentanil, inhibit 
the function of the sympathetic system, leading to reduc-
tions in heart rate and blood pressure. In patients with a 
preoperative state of sympathetic tension, more extreme 
hemodynamic fluctuations may occur following induc-
tion, thus contributing to PIH incidence.

In illuminated settings, resting pupil size is under the 
control of the sympathetic and parasympathetic nerv-
ous system, with the parasympathetic system being the 
primary regulator of the velocity and magnitude of pupil 
constriction upon light stimulation [15]. When such 
stimulation is discontinued, pupil dilation is under the 
control of the central and peripheral sympathetic nerv-
ous system [21]. Dynamic pupillary testing has emerged 
as an approach to assessing autonomic neuropathy in 
patients with diabetes [22, 23]. While direct observation 

of the pupil can only yield qualitative results regarding 
sensitivity/insensitivity and the presence or absence of 
a response to stimuli, the use of an infrared pupil cam-
corder paired with a computer with appropriate ana-
lytical software was sufficient to enable the rapid and 
objective measurement of quantitative PLR parameters. 
By analyzing the parameters associated with separate 
phases of the PLR process, it is then possible to evaluate 
autonomic nervous function accurately and comprehen-
sively in a given patient. In this study, all pupillomet-
ric measurements were made from 9 AM – 12 AM to 
exclude any impact of diurnal variations on the resultant 
data [24]. As such, PLR testing performed prior to gen-
eral anesthesia induction represents an effective means of 
gauging autonomic nervous function and thereby identi-
fying individuals at a higher risk of PIH.

In this analysis, older patients were found to be at a 
higher risk of PIH, consistent with the results of a large 
retrospective study conducted by Riech et al. in which 
individuals > 50 years old were at a 2.25-fold higher risk 
of PIH relative to younger patients [5]. Even so, age was 
not identified as an independent predictor of PIH sta-
tus in this study following logistic regression analyses 
using Model 2. This may be attributable to the limited 
sample size in this study or the fact that patients over 
64 years of age were excluded from this trial. In follow-
up trials, additional patients will thus be incorporated 
to facilitate a more robust stratified analysis aimed at 
ensuring these results can be generalized.

Relative to prior studies, the present study is innova-
tive in several respects. First, autonomic neuropathy is 
a common diabetic complication that is important in 
the context of PIH development [25]. As such, patients 

Fig. 3  Scatter plots demonstrating the associations between MCV and CR with decreases in MAP relative to baseline following general anesthesia 
induction. MCV: Maximum Constriction Velocity, CR: Constriction Ratio (%), CR =

(

MPD

BPD

)

× 100%  
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with hypertension and diabetes were excluded from this 
study to avoid any potential impact of these comorbidi-
ties on the results of this analysis. Second, the selected 
induction protocol is routinely used in our country, with 
propofol and sufentanil being selected for use in order 
to maximize the generalizability of these results. Third, 
in contrast to other studies that have employed non-
invasive approaches to monitoring blood pressure, all 
patients in this study underwent invasive arterial blood 
pressure monitoring, thus ensuring that continuous, 
accurate blood pressure data were collected in real-time. 
Fourth, while one prior study identified a link between 

dynamic pupillometry and PIH [14], their analyses did 
not take the potential impact of multiple endotracheal 
intubations on blood pressure into account, and failed 
to analyze the forecast effect, with the present study 
thus addressing these gaps in knowledge.

In this study, PIH affected 50.8% of included patients, 
in line with the overall observed PIH incidence in a sur-
vey of our hospital. In a previous study, Bijker et al. sum-
marized 140 definitions of induced hypotension [26]. 
For the present study, a more complete definition was 
used than in many other articles, with PIH being clearly 
defined as a > 30% reduction in MAP or any recorded 

Table 3  Predictive factors for PIH

* P < 0.05, ** P < 0.01. ACV Average Constriction Velocity, ACV =
BPD−MPD

PCT
 , MCV Maximum Constriction Velocity and CR Constriction Ratio (%), CR =

(

MPD
BPD

)

× 100%  

Model 1: Adjusted for age

Model 2: Adjusted for age, sex, ASA physical status, albumin levels, BMI, and baseline MAP

Predictors Unadjusted analysis
OR [95% CI]

Adjusted analysis OR [95% CI]

Model 1 Model 2

ACV, mm/s 0.210 [0.068–0.646] ** 0.275 [0.086–0.879] * 0.240 [0.067–0.866] *

MCV, mm/s 0.328 [0.171–0.628] ** 0.382 [0.193–0.756] ** 0.369 [0.177–0.772] **

CR, % 1.171 [1.045–1.312] ** 1.175 [1.044–1.323] ** 1.185 [1.043–1.346] **

Fig. 4  Receiver operating characteristic curves analyses of the diagnostic utility of 1/MCV and CR as predictors of PIH incidence. Triangles 
corresponding to optimal cutoff values are established based on maximum Youden’s index values
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MAP < 65 mmHg for at least 1 min during the interval 
between induction and 10 min following intubation. The 
selected 65 mmHg threshold is a blood pressure level 
that is routinely considered tolerable in perioperative 
and intensive care settings, while the 1-minute time limit 
avoids transient blood pressure drop caused by improper 
operation or sensor failure and ensures that anaesthesi-
ologists promptly treat the hypotensive episode in an 
effort to prevent any further drop in blood pressure or 
associated postoperative complications [27–29]. The 
definition of the induction period as the interval between 
induction and 10 minutes post-intubation was selected to 
avoid major changes in blood pressure as a consequence 
of additional stimulation.

There are several limitations to this study. Firstly, we 
only included patients who had no autonomic dysfunc-
tion. Further research on the relationship between pupil 
parameters and PIH in people with diabetes or hyperten-
sion who may also have autonomic dysfunction is neces-
sary. Repeated assessments on individuals and a broader 
cohort would be beneficial to confirm the validity of our 
results. Secondly, an essential component of the study is 
the definition of hypotension. Our composite definition 
of PIH has several limitations, and hypertensive indi-
viduals should not use MAP < 65 mmHg. The experiment 
will be better and more accurate when only patients who 
have experienced a clear and significant fall in MAP are 
included rather than those who only experienced a minor 
decline. Thirdly, while all patient PLR measurements 
were taken under the same light, the larger space of the 
anesthesia preparation room may have led to an impact 
of external ambient light on study results [30]. Finally, 
some patients undergo uncontrollable blinking follow-
ing PLR, which can impact measurements of sympathetic 
parameters including pupil dilation velocity and dilation 
latency.

Conclusion
PIH is a common complication of general anesthesia 
induction that is related to more advanced age, lower 
MCV, and higher CR. Compared with CR, the measure-
ments of MCV in the preparation room before anesthe-
tization can better predict PIH incidence in patients of 
ASA I-II status. Further research should thus focus on 
validating the results of this analysis in a larger patient 
cohort.

Abbreviations
PLR: Pupillary light reflex; PIH: Post-induction hypotension; ASA: American 
Society of Anesthesiologists physical status; BMI: Body mass index; MAP: 
Mean arterial pressure; HR: Heart rate; BPD: Baseline pupil diameter; MPD: 
Minimum pupil diameter; PLC: Pupil constriction latency; PCT: Pupil constric-
tion time; ACV: Average constriction velocity; MCV: Maximum constriction 

velocity; CR: Constriction ratio; CO2: Carbon dioxide; ROC: Receiver operating 
characteristic.

Acknowledgements
Not applicable.

Authors’ contributions
Luyi Shao, Manlin Duan, Yaqin Zhou, and Zichuan Yue contributed to the 
study’s conception and design. Luyi Shao, Manlin Duan, and Yaqin Zhou per-
formed material preparation and data collection. Data analysis was performed 
by Shao Luyi, Zichuan Yue, and Jinwei Xiong. The first draft of the manuscript 
was written by Luyi Shao. Jingwei Xiong, Zhongya GU, Jie Zhang, Kangli Hui, 
and Miaomiao Xu commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

 Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of 
Helsinki. Ethical approval for this study (2022NZKY-013-01) was provided by 
the ethics committee of the Jinling Hospital hospital on January 21,2022.
Written informed consent was obtained from all eligible patients.

Consent for publication
The authors affirm that human research participants provided informed 
consent for publication of the images in Fig. 1 a, b and c.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Author details
1 College of Anesthesiology, Xuzhou Medical University, Xuzhou 221004, 
Jiangsu, China. 2 Department of Anesthesiology, Affiliated Jinling Hospital, 
Medical School of Nanjing University, Zhongshan North Road #305, Nanjing, 
Jiangsu Province 210002, China. 3 Department of Anesthesiology, BenQ 
Medical Center, The Affiliated BenQ Hospital of Nanjing Medical University, 
Nanjing 210019, Jiangsu, China. 

Received: 18 May 2022   Accepted: 12 August 2022

References
	1.	 Wesselink EM, Kappen TH, Torn HM, Slooter AJC, van Klei WA. Intraop-

erative hypotension and the risk of postoperative adverse outcomes: a 
systematic review. Br J Anaesth. 2018;121(4):706–21.

	2.	 Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, et al. 
Relationship between intraoperative mean arterial pressure and clinical 
outcomes after noncardiac surgery: toward an empirical definition of 
hypotension. Anesthesiology. 2013;119(3):507–15.

	3.	 Sun LY, Chung AM, Farkouh ME, van Diepen S, Weinberger J, Bourke M, 
et al. Defining an intraoperative hypotension threshold in association 
with stroke in cardiac surgery. Anesthesiology. 2018;129(3):440–7.

	4.	 Maheshwari K, Turan A, Mao G, Yang D, Niazi AK, Agarwal D, et al. The 
association of hypotension during non-cardiac surgery, before and after 
skin incision, with postoperative acute kidney injury: a retrospective 
cohort analysis. Anaesthesia. 2018;73(10):1223–8.

	5.	 Reich DL, Hossain S, Krol M, Baez B, Patel P, Bernstein A, et al. Predictors 
of hypotension after induction of general anesthesia. Anesth Analg. 
2005;101(3):622–8.



Page 9 of 9Shao et al. BMC Anesthesiology          (2022) 22:274 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	6.	 Padley JR, Ben-Menachem E. Low pre-operative heart rate variability and 
complexity are associated with hypotension after anesthesia induction in 
major abdominal surgery. J Clin Monit Comput. 2018;32(2):245–52.

	7.	 Choi MH, Chae JS, Lee HJ, Woo JH. Pre-anaesthesia ultrasonography of 
the subclavian/infraclavicular axillary vein for predicting hypotension 
after inducing general anaesthesia: a prospective observational study. Eur 
J Anaesthesiol. 2020;37(6):474–81.

	8.	 Zhang J, Critchley LAH. Inferior vena cava ultrasonography before general 
anesthesia can predict hypotension after induction. Anesthesiology. 
2016;124(3):580–9.

	9.	 Szabó M, Bozó A, Darvas K, Horváth A, Iványi ZD. Role of inferior vena 
cava collapsibility index in the prediction of hypotension associated 
with general anesthesia: an observational study. BMC Anesthesiol. 
2019;19(1):139.

	10.	 Hanss R, Renner J, Ilies C, Moikow L, Buell O, Steinfath M, et al. Does heart 
rate variability predict hypotension and bradycardia after induction of 
general anaesthesia in high risk cardiovascular patients? Anaesthesia. 
2008;63(2):129–35.

	11.	 Muppidi S, Adams-Huet B, Tajzoy E, Scribner M, Blazek P, Spaeth EB, et al. 
Dynamic pupillometry as an autonomic testing tool. Clin Auton Res. 
2013;23(6):297–303.

	12.	 Larson MD, Behrends M. Portable infrared pupillometry: a review. Anesth 
Analg. 2015;120(6):1242–53.

	13.	 Okutucu S, Civelekler M, Aparci M, Sabanoglu C, Dikmetas O, Aksoy H, 
et al. Computerized dynamic pupillometry indices mirrors the heart rate 
variability parameters. Eur Rev Med Pharmacol Sci. 2016;20(10):2099–105 
PMID: 27249610.

	14.	 Miyazaki R, Sumie M, Kandabashi T, Yamaura K. Resting pupil size is a 
predictor of hypotension after induction of general anesthesia. J Anesth. 
2019;33(5):594–9.

	15.	 Bitirgen G, Turkmen K, Zengin N, Malik RA. Altered pupillary light 
responses are associated with the severity of autonomic symptoms in 
patients with Fabry disease. Sci Rep. 2021;11(1):8146.

	16.	 Espinosa J, Roig AB, Pérez J, Mas D. A high-resolution binocular video-
oculography system: assessment of pupillary light reflex and detection 
of an early incomplete blink and an upward eye movement. Biomed Eng 
Online. 2015;13(14):22.

	17.	 Sharma S, Baskaran M, Rukmini AV, Nongpiur ME, Htoon H, Cheng CY, 
et al. Factors influencing the pupillary light reflex in healthy individuals. 
Graefes Arch Clin Exp Ophthalmol. 2016;254(7):1353–9.

	18.	 Jor O, Maca J, Koutna J, Gemrotova M, Vymazal T, Litschmannova M, 
et al. Hypotension after induction of general anesthesia: occurrence, risk 
factors, and therapy. A prospective multicentre observational study. J 
Anesth. 2018;32(5):673–80 PMID: 30027443.

	19.	 Südfeld S, Brechnitz S, Wagner JY, Reese PC, Pinnschmidt HO, Reuter DA, 
et al. Post-induction hypotension and early intraoperative hypotension 
associated with general anaesthesia. Br J Anaesth. 2017;119(1):57–64.

	20.	 Burgos LG, Ebert TJ, Asiddao C, Turner LA, Pattison CZ, Wang-Cheng R, 
et al. Increased intraoperative cardiovascular morbidity in diabetics with 
autonomic neuropathy. Anesthesiology. 1989;70(4):591–7.

	21.	 Troiani V. The future of quantitative pupillometry in health and disease. 
Clin Auton Res. 2020;30(1):11–2 PMID: 31900756.

	22.	 Lerner AG, Bernabé-Ortiz A, Ticse R, Hernandez A, Huaylinos Y, Pinto ME, 
et al. CRONICAS Cohort Study Group. Type 2 diabetes and cardiac auto-
nomic neuropathy screening using dynamic pupillometry. Diabet Med. 
2015;32(11):1470–8 PMID: 25761508; PMCID: PMC4567976.

	23.	 Ferrari GL, Marques JL, Gandhi RA, Heller SR, Schneider FK, Tesfaye S, 
et al. Using dynamic pupillometry as a simple screening tool to detect 
autonomic neuropathy in patients with diabetes: a pilot study. Biomed 
Eng Online. 2010;9:26 PMID: 20565794; PMCID: PMC2893537.

	24.	 Guido ME, Garbarino-Pico E, Contin MA, Valdez DJ, Nieto PS, Verra DM, 
et al. Inner retinal circadian clocks and non-visual photoreceptors: novel 
players in the circadian system. Prog Neurobiol. 2010;92(4):484–504.

	25.	 Mancia G, Grassi G. The autonomic nervous system and hypertension. 
Circ Res. 2014;114(11):1804–14.

	26.	 Bijker JB, van Klei WA, Kappen TH, van Wolfswinkel L, Moons KG, Kalkman 
CJ. Incidence of intraoperative hypotension as a function of the chosen 
definition: literature definitions applied to a retrospective cohort using 
automated data collection. Anesthesiology. 2007;107(2):213–20 PMID: 
17667564.

	27.	 Mathis MR, Naik BI, Freundlich RE, Shanks AM, Heung M, et al. Preopera-
tive Risk and the Association between Hypotension and Postoperative 
Acute Kidney Injury. Anesthesiology. 2020;132(3):461–75 PMID: 31794513; 
PMCID: PMC7015776.

	28.	 Bijker JB, Persoon S, Peelen LM, Moons KG, Kalkman CJ, Kappelle LJ, 
et al. Intraoperative hypotension and perioperative ischemic stroke 
after general surgery: a nested case-control study. Anesthesiology. 
2012;116(3):658–64 PMID: 22277949.

	29.	 Salmasi V, Maheshwari K, Yang D, Mascha EJ, Singh A, Sessler DI, et al. 
Relationship between intraoperative hypotension, defined by either 
reduction from baseline or absolute thresholds, and acute kidney and 
myocardial injury after noncardiac surgery: a retrospective cohort analy-
sis. Anesthesiology. 2017;126(1):47–65 PMID: 27792044.

	30.	 Ong C, Hutch M, Smirnakis S. The effect of ambient light conditions 
on quantitative Pupillometry. Neurocrit Care. 2019;30(2):316–21 PMID: 
30218349.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Pupil maximum constriction velocity predicts post-induction hypotension in patients with lower ASA status: a prospective observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Methods
	Patients
	Pupillary measurements
	Anesthesia management
	Blood pressure measurements
	Data collection
	Sample size calculations
	Statistical analysis

	Results
	Patient data
	Pupillary light reflex data
	Regression analysis
	ROC curve analyses

	Discussion
	Conclusion
	Acknowledgements
	References


