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A B S T R A C T 

Introduction: The purpose of the current study was to test the theory that 
elderly patients undergoing laparoscopic rectal cancer surgery have impaired 
microvascular perfusion, which recovers following the administration of 
phenylephrine and ephedrine. Material and Methods: Patients were divided 
into one of the two groups using a random number sheet produced by computer 
software. Anesthetist sealed the opaque envelope with the random number sheet 
before starting the clinical trial. Ephedrine and N/S were infused into the patients 
in two different groups. Results: At the time of the phenylephrine injection, the 
microvascular flow index in the phenylephrine group decreased from 2.89 ±0.16 
at baseline to 1.85 ±0.36. At the same time, the number of perfused vessels 
decreased from 99.16 ±1.74 percent to 64.02± 16.05 percent, and the density of 
perfused vessels decreased from 16.33± 4.24 mm/mm2 to 10point videos of the 
sublingual microcirculation's sidestream dark field images. Three images of the 
patients' baseline states, 10 min after anesthesia induction, and 5 min after 
ephedrine administration have been provided. Images for the phenylephrine 
group at the same time points have also been provided. Conclusion: MAP decline 
and sublingual microcirculation changes were observed in elderly patients 
undergoing laparoscopic surgery for rectal cancer. With the help of 
phenylephrine and ephedrine, sublingual microcirculation was successfully 
recovered.  

Introduction 

he percentage of elderly patients 

undergoing surgical treatment 

gradually increased along with the 

acceleration of the social aging 

process and the growth of the 

elderly population [1-3]. Due to the functional 

decline of their organs, elderly patients 

frequently experience various complications 

during surgery, and their postoperative 

mortality rate is four times higher than that of 

middle-aged and young patients [4-6]. 

As a result, it is important to carefully examine 

the risk factors linked to postoperative mortality 
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in elderly patients [7]. Hypotension and blood 

pressure swings are more common in elderly 

patients with impaired vascular self-regulation. 

Furthermore, because they can no longer 

tolerate hypotension as well, vital organs 

become more susceptible. The management of 

intraoperative anesthesia is extremely difficult 

due to numerous risk factors [8]. 

One of the main objectives of intraoperative 

hemodynamic management is to maintain a 

stable blood pressure. Although intraoperative 

hypotension is thought to be linked to 

postoperative mortality, the blood pressure 

cutoff value is still unknown, particularly in the 

geriatric population [9-11]. Determining the safe 

intraoperative blood pressure range in elderly 

patients and considering it one of the 

management goals of hemodynamics are 

therefore important clinical values [12-14]. 

One of the most frequent side effects from non-

cardiac surgery is intraoperative hypotension. 

The majority of patients experience at least one 

episode in which the mean arterial pressure 

(MAP) drops below 65 mmHg, and this usually 

takes place soon after inducing anesthesia. In a 

recent randomized controlled trial, Hamilton et 

al found that intraoperative hypotension can 

result in extremely unfavorable postoperative 

outcomes, including acute kidney injury, death, 

and myocardial infarction. reported that 

preventing intraoperative hypotension reduces 

the risk of postoperative organ dysfunction by 

about 25%. 

In particular, elderly patients having surgery for 

rectal cancer frequently experience poor 

vascular compliance [15-17], high blood 

pressure, and low blood volume during surgery. 

Perioperative hemodynamic optimization is said 

to improve postoperative outcomes in high-risk 

surgical patients by reducing postoperative 

complications, hospital stays, and mortality. In 

the current study [18], our anesthesiologist had 

to maintain a sufficient perfusion pressure 

during rectal surgery to ensure that the heart 

and brain received enough blood to meet 

metabolic needs [19-21]. The anesthesiologist 

had to rule out any potential negative 

emergency reactions to the surgery. 

During rectal procedures, ephedrine, an 

indirectly acting beta- and beta-adrenergic 

agonist, and phenylephrine, a pure beta-

adrenergic agonist [22], are frequently 

administered to treat anesthesia-related 

hypotension and counteract cardiovascular 

depression. Vasopressors increase vascular 

resistance and raise cerebral perfusion 

pressure, but they can also unintentionally 

reduce oxygen absorption from the blood by 

disrupting capillary flow patterns [23-25]. 

This can happen even if the target cerebral 

perfusion pressure and the perfusion of other 

organs (like the heart) are met. G , the kidney) 

were accomplished [26]. 

Ephedrine and phenylephrine may affect 

sublingual microcirculation in elderly patients 

undergoing laparoscopic surgery for rectal 

cancer, but this is not well understood. Only a 

few easily accessible sites can be monitored for 

microcirculation [27-29]. It is possible to 

acquire sublingual microcirculation sequences 

using a portable vital microscope, a sidestream 

dark field imaging tool. It is a non-invasive 

method and a useful tool for evaluating 

microvascular factors like heterogeneity index, 

percentage of perfused vessels, microvascular 

flow index, and perfused vessel density.  Few 

studies have examined the behavior of 

microcirculation in epidural patients and 

cardiopulmonary bypass surgery; however, in 

the elderly, microcirculation changes during 

rectal cancer surgery [30-32]. 

Microvascular perfusion changes can result in 

mortality and organ dysfunction in hemorrhagic 

and septic shocks; associations between 

microcirculation and macrovascular 

hemodynamic optimization in the state of a 

shock have been explored by several research 

groups [33-35]. The purpose of the current 
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study was to test the theory that elderly patients 

undergoing laparoscopic rectal cancer surgery 

have impaired microvascular perfusion, which 

recovers following the administration of 

phenylephrine and ephedrine [36]. 

 

Material and Methods 

Trial design 

This prospective parallel-group, double-blinded, 

single-center, enrolled, and randomized trial 

was conducted. 

 

Patients and setting 

Those who were scheduled for laparoscopic 

surgery for rectal cancer between the ages of 65 

and 85 and had an American Society of 

Anesthesiologists grade of I-II underwent 

screening. The following conditions were 

excluded: (1) Loose teeth; (2) Hb; (3) Oral 

bleeding or damage; (4) difficulty opening the 

mouth; and (5) difficulty performing sublingual 

microcirculation monitoring. 

 

Study protocol 

Patients were divided into one of the two groups 

using a random number sheet produced by 

computer software. Anesthetist (MXW) sealed 

the opaque envelope with the random number 

sheet before starting the clinical trial. Ephedrine 

and phenylephrine were infused into the 

patients in two different groups. Anesthetist 

(MXW) who was not involved in controlling the 

patients' hemodynamics prepared the study 

drug, which was diluted to 50 mL in identical 50-

mL infusion syringes under sterile conditions. 

 

Sublingual microcirculation monitoring 

We recorded videos of sublingual 

microcirculation using a sidestream dark field 

imaging device. This gadget uses a method that 

was developed from polarized spectral imaging 

technology. With the aid of these videos, we 

were able to see the sublingual blood flow within 

the microvascular networks in real time. Each 

erythrocyte was visible in black on a white 

background because the light being emitted had 

a wavelength that matched the wavelength of 

hemoglobin. Internationally accepted standards 

were followed for the acquisition of images and 

image analysis. A great deal of care was taken to 

prevent pressure artifacts based on published 

recommendations. "Massey et al.". The 

evaluation was then completed using MicroSee 

Information Management Software, which had 

previously described the "microcirculation 

image quality score," which was used for 

systematic evaluation of the sequence quality. 

Poor-quality sequences were removed right 

there at the bedside. Another round of sequence 

acquisition was done in order to guarantee the 

availability of two high quality sequences for 

each measurement point. Here, a blinded 

analysis was made possible by hiding the 

patient's identity as well as the video's 

identification information and replacing these 

identifiers with a randomly generated 

alphanumeric code. 

 

Clinical management 

The patients were randomly assigned to receive 

either an ephedrine (6 mg/mL) or a 

phenylephrine (0.05 mg/mL) infusion, ensuring 

a 1:1 distribution. Ephedrine or phenylephrine 

was given when the MAP dropped below 80% of 

the baseline value or 65 mmHg for longer than 3 

minutes. In this instance, it was given using a 

target-controlled infusion to keep the 

perioperative blood pressure stable following a 

bolus injection. One g/kg/min of phenylephrine 

and eighty g/kg/min of ephedrine were infused, 

respectively. Atropine dosages of 0–3–5 mg 

were used to normalize patients whose heart 

rates dropped below 50 beats per minute. The 

end-tidal carbon dioxide was maintained 

between 36 and 45 mmHg, and the respiratory 

rate was set so that it was 8 mL/kg-1 of the ideal 

body weight. 
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Sample size estimation 

Using Power Analysis and Sample Size (PASS 

version 11.0), sample size was determined using 

the Cochran-Armitage Test. 7; Kaysville, Utah, 

USA-based NCSS, LLC). Calculations were made 

based on early preliminary data that revealed 82 

percent of patients had hypotension for more 

than one minute during the induction of 

anesthesia. Using a Z-test with continuity 

correction, we calculated that a sample size of 88 

patients (44 patients per group) would have 

90% power to identify a linear trend in the 

proportion of patients with hypotension 

between groups at a significance level of 0.05. 

The sample size was raised to 100 patients to 

account for potential dropouts. 

 

Statistical analysis 

Before and after the administration of 

anesthesia, changes in macrovascular and 

microvascular parameters were assessed. These 

variables changed over time, and the changes in 

macrovascular parameters (HR and MAP) as 

well as microvascular parameters 

(microvascular flow index, percentage of 

perfused vessels, and perfused vessel density) 

were examined by comparing the values related 

to the time of ephedrine or phenylephrine 

administration. In addition, the time points were 

recorded using the Wilcoxon signed-rank test 

for microvascular parameters showing non-G. 

Results 

In this study, 100 patients were included. Five 

patients received neither phenylephrine nor 

ephedrine because changes in their MAP 

following anesthesia induction did not meet the 

predetermined criteria. Additionally, image 

analysis was rendered impossible in four 

patients due to strong signal interference, which 

resulted in their exclusion. Additionally, each 

patient gave both oral and written informed 

consent before taking part in the study. The 

included patients' average age was 72.2 years 

old, and their average New York Heart 

Association score was 1. To determine eligibility, 

100 patients in total were examined. 5 patients 

did not meet the eligibility requirements (5 with 

a changed surgical approach), and 3 patients 

chose not to participate, making up the 8 

patients who were excluded after screening. 

Before receiving anesthesia, 1 patient revoked 

their consent. The study was successfully 

completed by 91 patients. 

91 patients had a low blood pressure episode 

during the induction of anesthesia. Furthermore, 

general anesthesia markedly decreased the 

MAP. Therefore, the prescribed dosages of 

phenylephrine and ephedrine were 

administered. Both groups' MAP results clearly 

indicated changes (Fig 1). 

 
Figure 1. BP response between study groups 

10 minutes after drug administration, a 

reduction in the microvascular flow index was 

observed from 2.85± 0.23 at baseline to 1.86 

±0.39 at the time of ephedrine injection. At the 

same time, the percentage of perfused vessels 

decreased from 98.71 % 2.19 % to 61.37 % 
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17.87 % (and the density of perfused vessels 

dropped from 15.97 mm/mm2. Ten minutes 

later, 90 point 23 percent of the vessels were 

perfused, which was 14 point 17 percent 

higher(Fig 2). 

 
Figure 2. Changes in blood pressure during different times after the intervention 

 

At the time of the phenylephrine injection, the 

microvascular flow index in the phenylephrine 

group decreased from 2.89 ±0.16 at baseline to 

1.85 ±0.36.  At the same time, the number of 

perfused vessels decreased from 99.16 ±1.74 

percent to 64.02± 16.05 percent, and the density 

of perfused vessels decreased from 16.33± 4.24 

mm/mm2 to 10point  videos of the sublingual 

microcirculation's side stream dark field 

images.  Three images of the patients' baseline 

states, 10 min after anesthesia induction, and 5 

min after ephedrine administration have been 

provided.  Images for the phenylephrine group at 

the same time points have also been 

provided(Fig 3). 

 
Figure 3. blood pressure changes between different times after the intervention 
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Discussion 

Our study provides a thorough evaluation of 

sublingual microcirculation in elderly patients 

undergoing laparoscopic rectal cancer surgery 

and quantitatively illustrates its heterogeneity, 

perfusion, and density components [37-39].  Our 

study's main finding was that elderly patients 

showed obvious sublingual microcirculatory 

changes along with lower MAP and HR [40]. 

The disorder manifested as decreases in the 

proportion of perfused vessels, vascular density, 

and the presence of capillaries with 

hyperdynamic flow.  In order to treat 

hypertension, we used ephedrine and 

phenylephrine [41-43]. We discovered that 

phenylephrine significantly reduced HR.  

Comparing the two groups, the ephedrine group 

displayed a higher percentage of perfused 

vessels for sublingual microcirculation [44]. The 

latter was more effective than the former in 

lowering the parameters of the heterogeneity 

index [45]. 

This study demonstrates a link between 

anesthesia-induced hypertension and 

sublingual microcirculation disorder in patients 

undergoing laparoscopic rectal cancer surgery. 

However, our results show that sublingual 

microcirculation parameters were not positively 

correlated with MAP and HR, and interestingly, 

MAP was negatively correlated with PVD.  

According to our research, these patients' 

declining blood pressure was associated with 

reduced sublingual microcirculation [46-48].  

We did observe impaired microvascular 

perfusion during anesthesia, though, after MAP 

declined. 

In order to raise MAP, adrenergic agonists like 

ephedrine or phenylephrine were used, and it 

was discovered that both treatments resulted in 

a recovery of microvascular perfusion [49-51].  

In fact, some sublingual microcirculatory 

parameters, including the proportion of 

perfused vessels, the density of perfused vessels, 

and the microvascular flow index, significantly 

dropped along with the decline in MAP.  

Ephedrine and phenylephrine both restored the 

MAP and microvascular variables, though [52]. 

Nevertheless, it is noteworthy how differently 

they impacted the HR and the intensity of 

sublingual microvascular variables.  The 

microvascular flow index, MAP, the percentage 

of perfused vessels, and the perfused vessel 

density all showed clear increases after 

receiving ephedrine and phenylephrine, 

whereas the HR clearly decreased in the 

phenylephrine group [53]. 

Hypotension was defined as a MAP of in a 

previous study involving 255 patients.  The 

decrease in sympathetic activity brought on by 

propofol and sufentanil in elderly patients is 

what leads to their hypotension [54-56].  The 

combined effects of myocardial contractility 

depression, venous and impaired baroreflex, 

and mechanism arterial vasodilation result in a 

decrease in cardiac output as well as a rise in 

systemic vascular resistance [57]. 

The MAP increased after phenylephrine and 

ephedrine treatments, and the PPV and 

microvascular flow index also increased at the 

same time [58-60].  Unknown at this time is the 

true mechanism.  Although only sublingual 

microcirculation was found in the current study, 

many studies have shown a correlation between 

sublingual microcirculatory changes and 

changes in the gut and renal microcirculatory 

systems.  In this investigation, we evaluated the 

sublingual microcirculation characteristics in 

patients undergoing laparoscopic rectal cancer 

surgery [61]. 

In order to maintain or restore oxygen delivery 

to the tissues, ephedrine and phenylephrine are 

frequently used [62-64].  It is difficult to predict 

microcirculation patterns solely from changes in 

macrocirculatory variables.  In fact, the 

physiologic microvascular response appears 

primarily focused on maintaining tissue 
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perfusion in light of the decreased cardiac 

output, which was followed by decreases in the 

MAP. It should be noted, however, that altered 

microcirculation during shock is still possible 

despite the improvement of macrocirculation .  

This finding is due to the fact that 

microcirculation is altered in particular ways 

when in shock and exhibits changes in viscosity 

and endothelial dysfunction .  There could be 

variations in the severity of microcirculatory 

alterations; it may change over time as well as 

with the difference in the intensities of in shock 

dot [64].  This is significant because persistent 

hypotension can inadvertently harm vital 

organs. 

Improvements in microcirculation were seen in 

early hypotension after ephedrine and 

phenylephrine treatments. In the current study, 

patients with prior microvascular impairment 

and hemodynamic instability had their 

sublingual microcirculatory variables assessed.  

In patients undergoing colorectal cancer 

surgery, our study suggests that anesthesia 

induction with sufentanil and propofol affects 

sublingual microcirculation (and possibly 

microcirculation in other sites as well). It should 

be noted that it can be difficult to predict 

changes in microcirculatory patterns solely 

based on changes in macrocirculatory variables. 

The microcirculation characteristics of the 

microvascular flow index must recover to 

baseline levels for the MAP to reach them.  The 

HR level was clearly different between the 

phenylephrine and ephedrine groups, which 

was an intriguing finding of our study according 

to our clinical observations.  A phenylephrine 

injection may reduce heart rate. Bradycardia in 

the elderly can be brought on by heart block, 

myocardial ischemia, and abnormal sinus node 

function.  As a result, any negative effects in 

elderly patients receiving phenylephrine should 

be closely monitored. 

In elderly patients undergoing laparoscopic 

surgery for rectal cancer, we noticed changes in 

sublingual microcirculation. This finding may be 

related to three factors: (1) elderly patients' 

decreased vascular compliance; (2) anesthetic 

drugs like propofol and sufentanil that cause 

vasoplegia; (3) changes in arterial tone brought 

on by fasting and enema that cause the loss of 

body fluids and electrolytes.  This observational 

study has a number of drawbacks.  The video was 

acquired by a non-blinded investigator, even 

though a blinded researcher performed the 

retrospective microvascular analysis.  The 

study's restriction to the use of ephedrine and 

phenylephrine also limits the applicability of our 

findings because other vasopressors and fluid 

therapy may have different effects on cerebral 

blood flow and sublingual microcirculation. 

 

Conclusion 

MAP decline and sublingual microcirculation 

changes were observed in elderly patients 

undergoing laparoscopic surgery for rectal 

cancer. With the help of phenylephrine and 

ephedrine, sublingual microcirculation was 

successfully recovered. Therefore, in order to 

increase MAP and prevent decreased 

microcirculation, it is advised to administer 

ephedrine or phenylephrine right away based 

on our findings. Sublingual microvascular 

parameters may be used as additional 

microcirculation indicators in the future. 
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