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Purpose: To evaluate the effectiveness and safety of diazepam in maintaining stable intraoperative blood pressure (BP) in
hypertensive patients undergoing vitrectomy under nerve block anesthesia.

Methods: A total of 180 hypertensive patients undergoing vitrectomy with nerve block anesthesia were randomized into two groups.
The intervention group was given oral diazepam 60 min before operation, while the control group was given oral placebo 60 min
before operation. The primary outcome is the effective rate of intraoperative BP control, defined as systolic blood pressure (SBP)
during the operation maintained < 160 mmHg at all timepoints. The logistic regression model will be performed to analyze the
compare risk factors for ineffective BP control.

Results: The effective rate of intraoperative SBP control in the diazepam group was significant higher than that in the placebo group
from 15 min to 70 min of the surgery (P < 0.05). The proportion of patients with SBP >180 mmHg at any timepoint from operation to
1 h postoperation was higher in the placebo group (12.22%) than in the diazepam group (2.22%) (P = 0.0096). We observed that the
change in SBP from baseline consistently remained higher in the placebo group than in the diazepam group. In the logistic regression
analysis, age, years of diagnosed hypertension and SBP 1h before surgery were significant risk factors for ineffective BP control.
Conclusion: This study provides robust evidence supporting the effectiveness of oral diazepam as a pre-surgery intervention in
maintaining stable blood pressure during vitrectomy in hypertensive patients.

Trial Registration: Chinese Clinical Trial Registry (ChiCTR), ChiCTR2100041772.

Keywords: nerve block anesthesia, vitrectomy, diazepam, blood pressure stabilization

Introduction
Vitrectomy is a surgical procedure performed on the eye to remove the vitreous humor, a gel-like substance that fills the
space between the lens and the retina. This procedure is commonly employed to treat various conditions affecting the

vitreous, including retinal detachment,’ macular hole,> epiretinal membrane,® diabetic retinopathy,* and vitreous
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hemorrhage.’ To ensure the patient’s comfort throughout the procedure, they are typically placed under anesthesia. The
surgeon then makes small incisions in the eye and introduces tiny instruments, such as a light source and a vitrectomy
probe, to carefully extract the vitreous gel from the eye.

General anesthesia (GA) and local anesthesia (LA) are two commonly used techniques in surgical procedures. GA
ensures that the patient is completely unaware and unresponsive during the procedure, effectively eliminating any pain or
discomfort. This level of anesthesia allows for precise control over the patient’s airway and breathing, making it suitable
for lengthy and invasive surgeries. However, it is important to note that GA affects the entire body, which can lead to
potential side effects® such as nausea, vomiting, sore throat, and postoperative drowsiness. Furthermore, GA generally
requires a longer recovery time after the surgery is completed. It is worth noting that GA carries a higher risk of
cardiovascular accidents,” which necessitates careful monitoring and management during the procedure.

On the other hand, LA, while maintaining consciousness, provides localized numbness and pain relief, minimizing the
risk of systemic complications in ophthalmic surgeries and promoting faster postoperative recovery. This allows patients
to resume their normal daily activities more quickly. In the context of vitrectomy surgery, for instance, the postoperative
position is often face-down,® which contradicts the supine position without a pillow required for general anesthesia.
Therefore, when feasible, considering both the overall economic benefits’ and postoperative recovery, prioritizing
vitrectomy surgery with LA is recommended.'® It is important to acknowledge that patients who undergo vitrectomy
under LA will still experience some level of pain and anxiety throughout the procedure.!' This can potentially lead to
fluctuations in blood pressure (BP) and heart rate, thereby increasing the risk of cardiovascular accidents and retinal
hemorrhage. As a result, maintaining stable intraoperative blood pressure during vitrectomy is crucial for ensuring patient
safety.

In clinical practice, it has been observed that oral diazepam, a commonly used medication for anxiety, can effectively
alleviate anxiety and reduce intraoperative blood pressure fluctuations in anxious patients before surgery. Diazepam is

widely utilized as a sedative and analgesic medication during surgical procedures,'?

owing to its pharmacological
properties as a benzodiazepine. It possesses sedative, anxiolytic, muscle relaxant, and anticonvulsant qualities, making
it a versatile option for managing anxiety and promoting relaxation in patients before surgery. Importantly, when used as
a single dose, diazepam has been reported to have a favorable safety profile with no significant adverse reactions
documented. '

To the best of the authors’ knowledge, no randomized controlled trials have been conducted to evaluate the effects of
diazepam in vitrectomy. Hence, we conducted a prospective, single-center, double-blind, randomized, controlled trial to
examine the efficacy and safety of preoperative oral diazepam on intraoperative BP stabilization in hypertensive patients

undergoing vitrectomy under nerve block anesthesia.

Methods

Trial Design and Patients

This prospective, single-center, double-blind, randomized, controlled clinical trial (RCT) is currently being conducted at
Shanghai General Hospital, affiliated with Shanghai Jiaotong University. The trial was conducted in accordance with the
Declaration of Helsinki and the retrospective review of data was approved by the Institutional Review Board of Shanghai
General Hospital, approval number 2020-119. This study aims to investigate the effects of oral diazepam on hypertensive
patients undergoing vitreoretinal surgery. Participants were recruited prospectively and consecutively at Shanghai
General Hospital from August 2021 to March 2023. Prior to participation, all human subjects were fully informed
about their responsibilities and the nature of the procedures involved and provided written informed consent. The trial
has been registered with the Chinese Clinical Trial Registry (No. ChiCTR2100041772).

The detailed protocol for the trial, including the inclusion and exclusion criteria, was previously published'® and the
protocol followed the Consolidated Standards of Reporting Trials guidelines.'*'> Participants have the right to withdraw
their consent and discontinue participation at any time. Following comprehensive ophthalmic and physical examinations,
the patients will be randomized into two groups. The intervention group was given oral diazepam 2.5 mg 60 min before
vitrectomy. The control group was given oral starch placebo 60 min before vitrectomy. The effects of diazepam last for
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several hours after administration, so side effects should be closely monitored postoperatively. When reporting this
randomised controlled trials, we followed the Consolidated Standards of Reporting Trials (CONSORT) statement.'®

Outcomes

During the study, continuous electrocardiogram (ECG) monitoring was conducted throughout the entire procedure. BP
measurements will be taken every 5 minutes during the surgery and for 1 hour post-operation in the same ward using
consistent equipment. The primary outcome is the effective rate of intraoperative BP control, defined as BP <160 mmHg
at every time point during vitrectomy. Additionally, we collected other information to evaluate the effectiveness of
diazepam. These include: (1) the proportion of patients with systolic blood pressure (SBP) >180 mmHg at any timepoint
from operation to 1 h post-operation; (2) the change in mean SBP measured by patients during operation performed from
baseline; (3) the change in mean heart rate measured during operation performed from baseline; and (4) the number of
patients with intraoperative and postoperative adverse reactions during treatment and within 12 weeks. Moreover, the
operation record of each enrolled patient and the duration of the operation will be collected for analysis. Additionally, we
conducted a comparison of the clinical characteristics between the effective BP control group and the ineffective BP
control group, performing logistic regression analysis to identify risk factors for ineffective BP control. BP monitoring in
this study was performed by a single anesthetist, and all vitreoretinal surgeries were performed by the same experienced
specialist surgeon team.

Statistical Analysis

Statistical analyses were performed using SPSS 22.0 (IBM Corporation, Chicago, IL) and Prism 8.01 (GraphPad
Software, San Diego, CA). Quantitative variables (eg, systolic BP, age) are expressed as the mean + standard deviation
(SD). The Kolmogorov—Smirnov test was used to determine whether quantitative variables fit with normal distribution.
The unpaired ¢-test was performed for normally distributed data, and the Wilcoxon signed-rank test was performed for
abnormal distributed data. While the categorical variables (eg, gender) are described as numbers and frequencies, and the
differences were assessed using Chi-square test. The logistic regression model was used to compare the outcomes. P <
0.05 (two-sided) was considered statistically significant.

Results

Clinical Characteristics

The baseline and preoperative clinical characteristics of all patients were summarized in Table 1. A total of 180 patients
were enrolled in the trial. The patients were divided into two groups: 90 patients (47 males and 43 females) in the
diazepam group and 90 patients (41 males and 49 females) in the placebo group. The groups were not significantly
different with respect to age, sex, diagnosis, year of diagnosed hypertension or duration of surgery (P > 0.05 for all,
Table 1). All enrolled patients undergo surgery between 9am and 11am, and there was no difference in operative time by
the surgeon. There was no difference in SBP or diastolic blood pressure (DBP) at admission, before surgery, before nerve
block or after nerve block between the two groups (P > 0.05 for all). Moreover, the heart rate at 1 h before surgery was
not significantly different between the two groups (P = 0.44). Furthermore, there was no significant difference in all the
mean values of SBP, DBP, heart rate, and SpO2 between the two groups at each measurement point.

Primary Outcome

In both groups, the number of newly emerging patients with SBP>160 mmHg at 0-50 min in the placebo group was
greater than that in the diazepam group. And the effective BP control has a significant difference between the two groups
from 15 min to 70 min (P < 0.05) (Table 2). The Kaplan-Meier survival plots were drawn and the Mantel-Cox test was
used to investigate the overall effective BP control rate between diazepam and placebo group (Figure 1). Patients in the
diazepam group had significantly higher overall effective rates of BP control during the surgery than patients in the
placebo group (P = 0.0146).
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Table | Baseline and Preoperative Clinical Characteristics of All Patients

Characteristics Total Diazepam Placebo P
Patients, n 180 90 90 -
Age, M1SD, years 61.63+10.86 60.90+10.93 62.37+10.81 0.3665
Gender, n 0.3710

Male 88 47 41

Female 92 43 49
Diagnosis, n 0.5657

RRD 97 51 46

ERM 41 21 20

MH 42 18 24
Years of diagnosed hypertension, y 7.49+4.10 7.33+£4.00 7.64£4.22 0.6125
Duration of surgery, M+SD, minutes 47.13+10.00 47.4749.73 46.80+£10.31 0.6562
SBP at admission, M+SD, mmHg 123.11+8.50 124.02+8.44 122.1948.51 0.1485
DBP at admission, M+SD, mmHg 75.39+8.38 76.52+7.98 74.27+8.66 0.0710
Heart rate |h before surgery, M+SD 81.97+9.43 81.42+8.90 82.51+9.94 0.4400
SBP Ih before surgery, M+SD, mmHg 128.67+16.39 129.64+16.87 127.69+15.94 0.4251
DBP |h before surgery, M+SD, mmHg 75.03£9.71 74.33£10.32 75.73£9.07 0.2824
SBP before nerve block anaesthesia, M+SD, mmHg 134.69+19.08 135.60£19.93 133.79£18.25 0.5257
DBP before nerve block anaesthesia, M+SD, mmHg 76.24+12.11 77.37£13.46 75.11+10.55 0.2125
SBP after nerve block anaesthesia, M+SD, mmHg 137.76+19.87 136.89+20.90 138.63+18.86 0.5573
DBP after nerve block anaesthesia, M+SD, mmHg 77.88+11.35 7791£11.94 77.84£10.79 0.9687

Note: Bold italic values indicate statistically significant results.

Abbreviations: RRD, Rhegmatogenous retinal detachment; ERM, epiretinal membrane; MH, Macular hole; SBP, Systolic blood pressure; DBP, Diastolic
blood pressure; M, Mean; SD, Standard deviation.

Table 2 Primary Outcome: Comparison of Effective Rate of Intraoperative SBP Control Between Diazepam and Placebo Group

From the Diazepam Placebo P
Start of the
Surgery Number of Number of Newly Effective Rate of Number of Number of Newly Effective Rate of

Measurable Emerging Patients with Intraoperative SBP Measurable Emerging Patients with Intraoperative SBP

SBP SBP>160mmHg Control SBP SBP>160mmHg Control

0 min 90 0 100% 90 | 98.89% 0.3160
5 min 90 0 100% 90 | 97.78% 0.1550
10 min 90 | 98.89% 90 3 94.44% 0.0967
15 min 90 | 97.78% 90 5 88.89% 0.0168
20 min 90 | 96.67% 90 3 85.56% 0.0088
25 min 90 3 93.33% 90 2 83.33% 0.0367
30 min 90 | 92.22% 90 2 81.11% 0.0283
35 min 79 | 91.11% 78 | 80.00% 0.0340
40 min 66 | 90.00% 60 3 76.67% 0.0164
45 min 50 2 87.78% 49 2 74.44% 0.0223
50 min 41 | 86.67% 41 2 72.22% 0.0165
55 min 26 | 85.56% 23 | 71.11% 0.0187
60 min 1 | 84.44% 13 | 70.00% 0.0209
65 min | 0 84.44% 2 0 70.00% 0.0209
70 min 0 0 84.44% | 0 70.00% 0.0209

Note: Bold italic values indicate statistically significant results.
Abbreviation: SBP, Systolic blood pressure.

Secondary Outcomes
The proportion of patients with SBP >180 mmHg at any timepoint from operation to 1 h post operation was higher in the
placebo group (12.22%) than in the diazepam group (2.22%) (P = 0.0096, Table 3).
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Figure | Kaplan—Meier survival plot of diazepam group and placebo group according to effective BP control. Patients in the diazepam group (dashed line) had significantly
higher effective BP rates during the surgery than patients in the placebo group (solid line) (P = 0.0146).

We observed that the change in SBP from baseline consistently remained higher in the placebo group than in the
diazepam group. However, this difference was statistically significant at three time points: 10 minutes, 15 minutes, and
20 minutes (P = 0.0304, 0.0192, 0.0252, respectively). There were no significant differences in SBP between the two
groups at other time intervals (P > 0.05, Table 3).

Safety

We collected data on adverse reactions within 12 weeks of surgery, including corneal edema, subconjunctival hemor-
rhage, high intraocular pressure, endophthalmitis, abnormal heart rate, and side effects related to the drug. Neither group
experienced abnormal heart rates or adverse reactions to the drug (Table 3).

In the diazepam group, we observed 1 (1.11%) case of corneal edema, 5 (5.56%) cases of subconjunctival
hemorrhage, and 6 (6.67%) cases of high IOP. In the control group, there were 2 (2.22%) cases of corneal edema, 4
(4.44%) cases of subconjunctival hemorrhage, 5 (5.5%) cases of high intraocular pressure, and 1 (1.11%) case of
endophthalmitis. However, there was no statistically significant difference in the occurrence of adverse reactions between
the two groups (P > 0.05).

Effective BP Control Group vs Ineffective BP Control Group

The clinical characteristics of the effective BP control group and ineffective BP control group are shown in Table 4. In the
effective control group, there were 140 participants, with 67 males and 73 females. Among them, 77 individuals received
diazepam, while 63 received a placebo. In the ineffective control group, there were 40 participants, including 21 males and 19
females. Of these, 13 individuals received diazepam, while 27 received a placebo. The effective control group had a lower
average age, duration of hypertension, SBP and DBP compared to the ineffective control group (P < 0.05).
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Table 3 Secondary Outcomes: Comparison of Diazepam and Placebo Group

Diazepam Group Placebo Group P

Patients with SBP=180 mmHg at any timepoint, n (%) 2 (2.22%) 11 (12.22%) 0.0096
Change of SBP measured by patients during operation from baseline,
MiSD, mmHg
0 min 9.24+11.50 12.94£15.19 0.0913
5 min 10.17£12.36 14.02+14.63 0.0671
10 min 11.09£13.54 16.50£12.55 0.0304
15 min 12.16+13.81 17.21£14.02 0.0192
20 min 12.82+14.33 17.69+14.71 0.0252
25 min 11.23£13.61 16.33+13.42 0.0587
30 min 10.73£11.98 1421£13.87 0.0758
35 min 9.86x11.22 12.76+12.88 0.1332
40 min 10.32£12.07 12.37£13.21 0.3556
45 min 9.12+11.09 11.49£12.32 0.2892
50 min 8.82+10.75 10.07£11.24 0.4226
55 min 7.23+10.00 8.47x11.97 0.5697
60 min 5.61+9.88 6.93+11.52 0.6772
Adverse reactions within 12 weeks of surgery

Corneal edema 1 (1.11%) 2 (2.22%) 0.5604

Subconjunctival hemorrhage 5 (5.56%) 4 (4.44%) 0.7324

High intraocular pressure 6 (6.67%) 5 (5.5%) 0.7557

Endophthalmitis 0 (0%) I (1.11%) 0.3160

Abnormal heart rate 0 (0%) 0 (0%) -

Side effects related to drug diazepam 0 (0%) 0 (0%) -

Note: Bold italic values indicate statistically significant results.
Abbreviation: SBP, Systolic blood pressure.

Table 4 Comparison of Clinical Characteristics Between the Effective BP Control Group and Ineffective BP Control Group

Characteristics Effective BP Control Group Ineffective BP Control P
Group
Patients, n 140 40 -
Age, M%SD, years 60.66+10.81 65.05+10.47 0.0237
Gender, n 0.6044
Male 67 21
Female 73 19
Drugs, n 0.0121
Diazepam 77 13
Placebo 63 27
Years of diagnosed hypertension, y 7.74+4.06 11.10£3.09 <0.0001
Duration of surgery, M+SD, minutes 46.49+9.78 49.40+10.57 0.1044
SBP Ih before surgery (baseline SBP), M+SD, mmHg 125.34+15.94 140.33+12.20 < 0.0001
DBP Ih before surgery (baseline DBP), M+SD, mmHg 73.94£9.78 78.85£8.55 0.0039

Note: Bold italic values indicate statistically significant results.

Abbreviations: BP, Blood pressure; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; M, Mean; SD, Standard deviation.

Risk Factors for Ineffective BP Control

The summary after logistic regression analysis for every feature was detailed in Table 5. In the logistic regression
analysis, age (P = 0.028, odds ratio (OR) = 1.057), years of diagnosed hypertension (P < 0.001, OR = 5.882) and baseline
SBP (P < 0.001, OR = 2.912) emerged as risk factors for ineffective BP control.
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Table 5 Logistic Regression Analysis of Risk Factors for Ineffective BP Control

Variable OR 95% CI P
Age 1.057 1.006—1.110 0.028
Gender 0.432 0.159-1.176 0.100
Drugs (Diazepam vs Placebo) 0.191 0.072-0.509 0.001
Years of diagnosed hypertension 5.882 1.316-26.290 <0.001
Duration of surgery 1.024 0.979-1.071 0.298
Baseline SBP 2912 1.135-7.471 <0.001
Baseline DBP 1.072 0.985-1.166 0.106

Note: Bold italic values indicate statistically significant results.
Abbreviations: BP, Blood pressure; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; Cl, confidence
interval; OR, odds ratio.

Discussion

The results of this prospective study revealed that preoperative oral diazepam in hypertensive patients has a notable
impact on maintaining stable BP levels during surgery. Notably, the diazepam group consistently demonstrated a higher
effective rate of intraoperative SBP control than the placebo group from the beginning of the surgical procedure. These
findings underscore the importance of utilizing preoperative diazepam as a strategy to effectively regulate and stabilize
BP during surgery in hypertensive patients.

The results of the secondary outcomes indicate a significant difference in blood pressure changes between the two
groups at 10-20 min. This time period coincides with 70—80 min after oral diazepam, which is when diazepam reaches its
effective concentration. This could be a possible explanation for this finding, further supporting the significant effect of
diazepam in maintaining blood pressure. This finding suggests that when performing procedures that involve bleeding, it
may be beneficial to avoid operating during this time window. By doing so, it is possible to potentially reduce the risk of
bleeding to some extent. Further analysis is needed to understand the underlying factors contributing to the observed
differences and their clinical significance.

Age, baseline BP, and years of diagnosed hypertension all influence the effectiveness of intraoperative blood pressure
control and should be taken into comprehensive consideration. Therefore, a holistic approach to patient evaluation and
treatment is crucial to optimize blood pressure control and overall patient outcomes.

In clinical applications, we found that oral diazepam before surgery can significantly relieve anxiety in patients.'’
Anxiety can cause blood pressure fluctuations during surgery and increase the possibility of cardiovascular accidents. We
hypothesized that preoperative oral diazepam was effective and safe in maintaining stable blood pressure during surgery.
We hope our results can provide reliable evidence to guide patients with hypertension to control their blood pressure with
diazepam before surgery.

Diazepam, also known as Valium,'® is a medication belonging to the benzodiazepine class. Benzodiazepines are
a type of central nervous system depressant that can inhibit different parts of the central nervous system.'” They produce
various clinical effects depending on the dose, ranging from mild sedation to hypnosis and even coma.?’ Although the
exact sites and mechanisms of action for benzodiazepines are not fully understood, it is believed that they enhance or
facilitate the function of the inhibitory neurotransmitter gamma-aminobutyric acid (GABA) and its receptors.”’ GABA
primarily exerts inhibitory effects at the pre- and postsynaptic levels in different regions of the central nervous system.
GABA receptors are functional supramolecular units also referred to as benzodiazepine-GABA receptor-chloride ion
complex components. These receptor complexes are found in the neuronal cell membrane and regulate cell firing by
functioning as gating mechanisms for chloride channels. When GABA 5 receptors are activated, chloride channels open,
allowing chloride ions to flow across the neuronal cell membrane.”? This causes hyperpolarization of postsynaptic
neurons, inhibiting their firing and resulting in a decrease in neuronal excitability and a reduction in the release of
excitatory neurotransmitters. Benzodiazepines such as diazepam increase the frequency of chloride channel openings,
possibly by enhancing the binding of GABA to its receptors or facilitating the interaction between GABA receptors and
chloride ion channels. It has specific effects, including anxiolytic,”® sedative,®* and hypnotic effects,”> as well as
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amnesic, anticonvulsant,?® and skeletal muscle relaxant effects.?® In our study, the focus was on the anti-anxiety, sedative,
and hypnotic effects of diazepam.

When diazepam tablets are taken orally, they are rapidly and completely absorbed, with a bioavailability of
approximately 76%.%” Peak plasma concentrations are achieved within 0.5 to 2 hours,”® and steady-state blood
concentrations are generally reached between 4 and 10 days.”’ The half-life of diazepam ranges from 36.62-334.69
hours.*® Diazepam exhibits high plasma protein binding, with a rate of up to 99%. It is highly lipophilic, allowing it to
easily cross the blood-brain barrier. The majority of diazepam metabolism occurs in the liver, resulting in the formation
of metabolites such as nordiazepam and oxazepam, which also possess varying degrees of pharmacological activity. The
half-life of nordiazepam can range from 57.81-516.32 hours.*® Diazepam undergoes enterohepatic circulation, and long-
term use of the medication can lead to accumulation. Metabolites can remain in the blood for several days or even weeks
and are eliminated slowly after discontinuation. The primary route of excretion for diazepam and its metabolites is
through the kidneys, either in the form of free or conjugated metabolites.

However, this study has some limitations. BP fluctuates throughout the day, and there may be rhythmic variations
between morning and afternoon blood pressure readings. Not all surgeries occur at the same time of day. Moreover,
patients are in a state of wakefulness during surgery, and environmental factors such as sounds in the operating room and
interactions with doctors may affect their emotions, potentially influencing BP levels. Our study specifically targeted
hypertensive patients and did not include individuals who do not have hypertension but experience extreme anxiety. To
improve the generalizability of our research findings, it would be advantageous to incorporate this group in future studies.
By including individuals without hypertension but with significant anxiety, we can gain a more comprehensive under-
standing of the effects of preoperative oral diazepam and its implications for maintaining stable blood pressure during

surgery.

Conclusions

In summary, this study provides robust evidence supporting the effectiveness of oral diazepam as a pre-surgery
intervention in maintaining stable blood pressure during vitrectomy in hypertensive patients. Our research findings
offer valuable insights for enhancing preoperative care for hypertensive patients. Specifically, for patients with long-term
hypertension, oral diazepam proves to be highly effective in reducing anxiety levels and enhancing overall surgical
safety.

Abbreviations

RRD, Rhegmatogenous retinal detachment; ERM, epiretinal membrane; MH, Macular hole; BP, Blood pressure; SBP,
Systolic blood pressure; DBP, Diastolic blood pressure; CI, confidence interval; OR, odds ratio; M, Mean; SD, Standard
deviation.
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