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Benefits of dexmedetomidine during noninvasive mechanical ventilation in major abdominal surgery patients with postoperative respiratory failure
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Objective: The efficacy of non-invasive mechanical ventilation (NIMV) on the postoperative ARF is conflicting and the failure rate of NIMV in this patient population is high. In our study, we hypothesized that the use of dexmedetomidine during NIMV in major abdominal surgical patients can reduce NIMV failure without significant side affect.



Methods: Medical records of patients who underwent major abdominal surgery, admitted to our general surgery intensive care unit (ICU), developed postoperative ARF, received NIMV (with oro-nasal mask) and dexmedetomidine infusion were enrolled in this study. The infusion rate was adjusted to maintain a target sedation level of a Richmond Agitation-Sedation Scale (RASS) (−2)–(−3). The sedation was stopped when NIMV was discontinued.



Results: A total of 60 patients, 42 (70.0%) male, and 18 (30.0%) female, with a mean age of 68 ± 11 years were included in the study. The mean APACHE II score was 20 ± 6. Dexmedetomidine was infused for a median of 25 h (loading dose of 0.2 mcg/kg for 10 min, maintained at 0.2–0.7 mcg/kg/h, titrated every 30 min). RASS score of all study group significantly improved at the 2 h of dexmedetomidine initiation (+3 vs. −2, p = 0.01). A targeted sedation level was achieved in 92.5% of patients. Six (10.0%) patients developed bradycardia and 5 (8.3%) patients had hypotension. The mean NIMV application time was 23.4 ± 6.1 h. Seven (11.6%) patients experienced NIMV failure, all due to worsening pulmonary conditions, and required intubation and invasive ventilation. Fifty-three (88.3%) patients were successfully weaned from NIMV with dexmedetomidine sedation and discharged from ICU. The duration of NIMV application and ICU stay was shorter in NIMV succeded group (21.4 ± 3.2 vs. 29.9 ± 6.4; p = 0.012).



Conclusion: Our study suggests that dexmedetomidine demonstrates effective sedation in patients with postoperative ARF during NIMV application after abdominal surgery. Dexmedetomidine can be considered safe and capable of improving NIMV success.
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Introduction

Anesthesia, postoperative pain, and surgery may induce respiratory modifications following major abdominal surgery. Thus, hypoxemia commonly develop in postoperative patients. Hypoxemia, decrease in pulmonary volumes and atelectasis can be associated with restrictive respiratory patterns and diaphragmatic dysfunction. Maintenance of adequate oxygenation in the postoperative period has major importance, particularly when pulmonary complications such as acute respiratory failure (ARF) occur. Non-invasive mechanical ventilation (NIMV) is increasingly used for the treatment of ARF in postoperative patients (1–3). Although routine or prophylactic use of NIMV is not recommended in patients with major abdominal surgery, some studies have shown that NIMV with both continuous airway pressure and bilevel positive airway pressure reduces atelectasis and decreases the risk of pneumonia more effectively than standard oxygen therapy after abdominal surgery (4, 5). These studies support the use of NIMV in the postoperative setting. However, the efficiency of NIMV on the post-operative ARF is conflicting and the failure rate of NIMV in these patient populations is high (6, 7). Agitation is an important factor and it is associated with the failure of NIMV (8). Pain due to drains, tubes, and surgery itself can cause agitation in patients with major abdominal surgery followed in the intensive care unit (ICU), and they all together can cause the failure of NIMV. Sedation during NIMV has been on the agenda in recent years in order to reduce the agitation of patients and to prevent NIMV failure that may occur due to agitation (9, 10).

Dexmedetomidine is a selective alpha-2 receptor agonist that possesses both sedative and analgesic properties with minimal respiratory depression (11). Dexmedetomidine was found preferable to benzodiazepine sedatives in critically ill, mechanically ventilated patients in the most recent guidelines (12, 13). While a few randomized studies have explored the effects of dexmedetomidine in non-surgical patients managed with NIMV, none of them have studied its impact in patients with major abdominal surgery (14, 15).

In this study, patients who had major abdominal surgery and developed hypoxic ARF while being followed in the ICU in the postoperative period and were treated with NIMV and dexmedetomidine were investigated in terms of NIMV success rate, duration of administration, complications and adverse events, and factors determining the success rate of NIMV. We hypothesized that dexmedetomidine can be used safely and may reduce NIMV failure in patients who underwent major abdominal surgery and required NIMV due to postoperative respiratory failure, and in patients at risk of NIMV failure due to agitation, and that dexmedetomidine could be used safely.



Material and methods

In this observational study patients who underwent major abdominal surgery (gastrectomy, colorectal surgery, liver surgery, and pancreatectomy) and who were admitted to our general surgery ICU, between January 2019 and March 2020 were included. Patients receiving NIMV due to postoperative respiratory failure [an acute episode of hypoxemic ARF (PaO2 < 55 mmHg)], patients who had Richmond Agitation-Sedation Scale (RASS) ≥ + 2 and at risk of NIMV failure due to agitation and who were given dexmedetomidine for sedation were included.

The prospectively collected and recorded data were evaluated retrospectively. Sedation and NIMV applied according to standardized NIMV and medical treatment ICU protocols. Inclusion criteria: Patients who received NIMV as the first treatment modality for ARF, and who received dexmedetomidine infusion for longer than 2 h, and patients who were too agitated (RASS > + 2) to allow administration and maintenance of NIMV.

Exclusion criteria: Patients who were younger than 18 years of age, who had chronic obstructive lung disease (COPD), asthma, or other obstructive lung diseases such as destroyed lung, bronchiectasis, or chronic respiratory failure prior to operation, patients with congestive heart failurewith an ejection fraction of less than 50% and at risk for cardiogenic pulmonary edema in the post-operative period, patients with a previous cerebrovascular accident, patients who hadhigh baseline PaCO2 levels (>55 mmHg), patients with obesity and body mass index over 30 kg/m2, and patients who needed emergent intubation.

The flow chart of the study was shown in Figure 1.
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FIGURE 1
Flow chart of the study.




Non-invasive mechanical ventilation protocol

Indications for NIMV included hypoxemia (PaO2/FiO2 ratio of less than 200 mmHg while spontaneous breathing with supplemental oxygen by facemask), presence of severe dyspnea, and contraction of the accessory inspiratory muscles or paradoxical abdominal motion.

Non-invasive mechanical ventilation applied via oro-nasal mask with ICU mechanical ventilator (Puritan bennett 840®) in Spont® mode. Pressure support ventilation was increased by 2–3 cmH2O at 2–3 min intervals over the first 10–15 min according to the clinical response and tolerance of the patient to obtain an exhaled tidal volume of 6–8 ml/kg and a respiratory rate (RR) lower than 35 breaths/min. The positive end-expiratory pressure (PEEP) was repeatedly increased by 2 cmH2O to a maximum of 10 cmH2O until the FiO2 requirement became 65% or less to maintain the oxygen saturation (SpO2) above 92%. The ventilator settings were then adjusted on the basis of pulse oximetry and serial measurements of arterial blood gases. After this period, once the PEEP requirements decreased to 5 cmH2O, each patient was evaluated daily while breathing supplemental oxygen without ventilatory support for 15 min. NIMV and drug sedation were reduced progressively in accordance with the degree of clinical improvement and were discontinued if the patient stably maintained a respiratory rateof 15 breaths/minute and SpO2 above 92%.

Failure of NIMV was defined as the need for endotracheal intubation and invasive mechanical ventilation within 24 h of NIMV initiation. The decision to perform endotracheal intubation was made by the critical care specialist according to the usual criteria used in the unit: the inability to maintain a PaO2/FiO2 ratio >100 mmHg for 1 h of NIMV, cardiac arrest, respiratory arrest, respiratory pauses with loss of consciousness, severe encephalopathy, agitation not controlled by sedation, shock, or deterioration in gas exchange (PaCO2 > 55 mmHg) (15).

NIMV-related complications such as claustrophobia, oronasal dryness, excessive air leak, pain on the face due to NIMV mask, and other complications were recorded 48 h after NIMV discontinuation.



Dexmedetomidine administration and adverse events

We applied intravenous (IV) dexmedetomidine according to our general surgery ICU protocol, which was a loading dose of 0.2 mcg/kg for 10 min, maintained at 0.7 mcg/kg/h, titrated every 30 min. The infusion rate was adjusted to maintain a target sedation level of a RASS score of (−2)–(−3). Sedation was stopped when NIMV was discontinued (16).

Adverse events were assessed and monitored by the responsible critical care spesialist and were recorded from the first dose of the study drug until 48 h after dexmedetomidine discontinuation. Our ICU protocol pre-specified that bradycardia and hypotension were considered adverse events if the systolic blood pressure was less than 80, diastolic blood pressure was less than 50, or the heart rate was less than 40 /min. A greater than 30% change from the baseline heart rate or blood pressure was also considered an adverse event. Other adverse events including nausea, vomiting, aspiration, and delirium were also recorded.



Statistical analysis

All statistical analyses were performed using SPSS for Windows (Version 21.0, SPSS Inc.). We performed a power analysis to calculate the sample size, and 41 patients were found to be necessary for a significance level of 0.05. Nominal variables were expressed as mean ± SD (standard deviation) and processed as continuous variables. All tests were interpreted using a significance level of p < 0.05. Kolmogorov-Smirnov test was used to determine whether the data were distributed normally. Descriptive statistical methods (mean, standard deviation, median, frequency) were used when presenting the data.



Results

Sixty patients, 42 (70.0%) male and 18 (30.0%) female, were included in the study. The mean age of the patients was 68 ± 11 years. The mean Acute Physiology and Chronic Health Assessment Score II (APACHE II) score was 20.0 ± 6.0, and American Society of Anesthesiologists (ASA) score was 3 ± 1. The most common comorbidities were hypertension (41.7%) and diabetes mellitus (33.3%). The mean Charlson Comorbidity Index was 3 ± 1; 93.3% of the patients had undergone elective surgery with gastrointestinal system malignancy. The most common surgeries were colorectal surgery (45.0%) and gastric surgery (36.7%). The mean RASS score of the patients at the beginning of NIMV was +3 ± 1, the mean respiratory rate was 27.5 ± 3.5 breaths/minute, and the mean PaO2 was 50.1 ± 4.5 mmHg. Other characteristics of the patients and hemodynamic parameters at the beginning of NIMV and the results of arterial blood gas analysis were shown in detail in Table 1.


TABLE 1 General characteristics, types of surgery, arterial blood gas analysis, hemodynamic parameters and non-invasive application time of all study group.
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Serially RASS scores were evaluated during the NIMV application. The RASS score of the study group significantly improved after one hour of NIMV with dexmedetomidine initiation (+3 vs. −2, p = 0.01). The targeted sedation level was achieved in 92.5% of patients.

Dexmedetomidine was infused for a median of 25 h with a median hourly dose across the patient cohort of 0.2 mcg/kg/h (range, 0.2–0.7 mcg/kg/h).Six (10.0%) patients developed bradycardia (30% change from the baseline heart rate) and 5 (8.3%) patients had hypotension (30% change from the baseline blood pressure). None of the patients who experienced hypotension or bradycardia required intervention. None of the patients experienced delirium or withdrawal.

Complications related to NIMV application were encountered in 7 (11.7%) patients (2 claustrophobia, 2 oronasal dryness, 1 excessive air leak, 2 pain on the face due to mask). None of these complications resulted in the discontinuation of NIMV. Complications were resolved by adjusting the NIMV humidifier and loosening and replacing the mask (Table 2).


TABLE 2 Complications observed with Non-invasive mechanical ventilation and adverse events related to dexmedetomidine.
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Seven (11.6%) patients experienced NIMV failure, all due to worsening pulmonary conditions, and required intubation and invasive ventilation. Fifty-three (88.3%) patients were successfully weaned from NIMV under dexmedetomidine sedation and discharged from ICU. The group that experienced NIMV failure was older (69.3 ± 8.0 vs. 59.5 ± 5.0 years; p = 0.024) and had more tachypnea at the start of NIMV (27.5 ± 3.5 vs. 21.7 ± 2.7 breaths/min; p = 0.046) and had a lower PaO2/FIO2 ratio (158.1 ± 30.1 vs. 164.7 ± 24.2 mmHg, p = 0.031). NIMV application time and ICU stay were shorter in NIMV succeded group [(21.0 ± 3.2 vs. 29.9 ± 6.4; p = 0.019), (4.5 ± 1.5 vs. 2.5 ± 0.5 days; p = 0.042) respectively]. There was no difference between the two groups in terms of other features, hemodynamic findings, and other arterial blood gas findings. At the end of the 12th hour, an improvement in hypoxemia and an increase in the PaO2/FIO2 ratio were observed in both groups (Table 3).


TABLE 3 Comparison of characteristics of Non-invasive failure group and successful group.
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Surgical site infection (SSI) is the most common postoperative after major abdominal surgery causing pain and suffering to patients. In our patients we detected SSIs in 3.0 (5%) patients. Postoperative sepsis after colorektal surgery is also another important complication. In our study only 1 (1.66) patient had intraabdominal sepsis. But none of them experienced NIMV failure.



Discussion

In our study, initiating dexmedetomidine soon after NIMV initiation in agitated patients with major abdominal surgery both improved NIVM tolerance and helped to maintain sedation at the desired goal without significant side affect. Also it decreased the duration of NIMV application and shortened the length of stay in the ICU and the NIMV failure rate was 11.7%.

Hypoxemia develops in 30%–50% of patients after abdominal surgery and it can be well-tolerated in some patients without any symptoms (17). However, hypoxemia can also progress to severe ARF. The etiology for the development of hypoxemic acute respiratory failure postoperatively is multifactorial and partly related to atelectasis due to hypoventilation and collapsed alveoli, retained secretions, and diaphragmatic dysfunction. NIMV can reverse the loss of pulmonary volume by increasing lung ventilation, reopening atelectatic alveoli, and improving gas exchange (18). The residual effect of general anesthesia and discomfort and pain caused by the drainsmay causeagitation in post-operative surgical patients. These conditions pose a risk of NIMV failure. In recent years, the use of dexmedetomidine has become widespread in ICUs for sedation (19). The use of dexmedetomidine during NIMV administration in surgical patientsundergoing major abdominal surgerywith postoperative respiratory failure has not been studied extensively in the literature.

In the study conducted by Şenoğlu et al. (20) from Turkey, midazolam and dexmedetomidine were compared in terms of the level of sedation they provided in patients with acute exacerbation of COPD and in need of NIMV. Sedation level was followed by Ramsay Sedation Scale, Riker Sedation-Agitation Scale as well as Bispectral Index. In this study, which aimed at a sedation level similar to our study, they showed that dexmedetomidine is as effective as midazolam in providing effective sedation during NIMV and less dose adjustment is required to maintain the sedation level (20). In our study sedation target achieved in 92.5% of patients with dexmedetomidine.

In our study, NIMV failure and intubation were observed in 11.7% of the patients, but no mortality was encountered in the follow-up patients. All patients were weaned, exubated and discharged from ICU. The age, the respiratory rate at the beginning of NIMV, and the degree of hypoxemia of patients with NIMV failure were higher, and the improvement in hemodynamic parameters in this group was less in the 1st hour of NIMV. All these factors are identified as risk factors for NIMV failure, which have been previously noted in many studies (8). However, no difference was observed between the two groups in terms of APACHE II score, comorbidity (Charlson comorbidity index), and ASA score, which were reported as significant risk factors for NIMV failure in previous studies. This was attributed to the fact that our study group was more homogeneous and consisted of only surgical patients with post-operative respiratory failure.

In the study of Devlin et al. (21) in which the same dexmedetomidine doses (loading dose 0.2 mcg/kg for 10 min, titrated every 30 min maintained at 0.7 mcg/kg/h) were used as our study, patients with ARF who were treated with NIMV within 8 h were randomized to receive IV dexmedetomidine or placebo. The sedation level was determined on Sedation-Agitation Scale 3–4. In this study, early use of dexmedetomidine did not increase tolerance to NIMV, on the contrary, the use of dexmedetomidine prolonged the duration of NIMV and caused deeper sedation (21). However, in this study, patients with pain and agitation were additionally given midazolam or fentanyl. Both agents are agents that can deepen sedation and cause respiratory depression in patients. In our study, in addition to dexmedetomidine, only paracetamol was used as a pain reliever. In addition, our patient group consisted of post-operative patients, and the PaO2/FIO2 ratios of our patients were higher than the patients in Devlin et al's study.

In the study of Xie et al. (22) in which they compared dexmedetomidine and midazolam during NIMV in COVID-19 patients followed up in the ICU, Ramsay agitation score, hemodynamic parameters, and arterial blood gas results were evaluated. Mean blood pressure and heart rate were decreased in the sedated patients, with more decrement observed in the dexmedetomidine group.In the dexmedetomidine group, bradycardia was encountered in 2 patients, and NIMV was unsuccessful in 1 patient. In this study, in which the Ramsay score was kept between 2 and 3, they stated that appropriate sedation could increase the effectiveness of NIMV. In the same study, while PaO2 pressure increased in the groups receiving dexmedetomidine and midazolam, it did not increase in the control group which was not given sedation (79.0 ± 6.5 vs. 79.0 ± 8.9 vs. 70.0 ± 7.8; p < 0.005) (20). In our study, bradycardia was encountered in 6 patients and NIMV failure was encountered in 7 patients, which we attributed to the higher number of patients included in our study. In our study, the PaO2 values of the patients increased in the 1st and 12th hours in NIMV successed group.

A randomized crossover study by Deletombe et al. (10) investigated the use of dexmedetomidine during NIMV in patients with blunt chest trauma, and dexmedetomidine was started 1 h before NIMV. The RASS score was lower in the dexmedetomidine group [−0.8 (−1.0:0.0) vs. 0.0 (−0.5:0.0); p < 0.01]. In our study, RASS scores improved in both the NIMV successful group and the failure group.

In our study, complications related to NIMV were encountered in 7 (11.7%) patients, however, these complications were mild and did not cause NIMV arrest in any of the patients. According to the literature, such non-serious complications may be encountered in patients who underwent NIMV with an oro-nasal mask (1). These minor complications can be prevented by choosing the appropriate mask size for the patient's face and using a heater-humidifier. The most serious complication during NIMV is the development of cardiac arrest (23). We did not encounter this serious complication in any of our patients in our study.

Another common postoperative complication following colorectal procedure is the surgical site infections (SSI). SSIs have many negative consequences for patients (24). In our study we faced 5% SSIs and 1.66% intraabdominal sepsis. Mulita et al. Investigated the etiology as well as the risk factors associated with the development of postoperative sepsis (25). They diagnosed in 18 (12.77%) cases, with anastomotic leakage being the most frequent cause (3.55%). Postoperative sepsis was significantly more common among patients over 65 years old, ASA score >2, and also with associated comorbidities such as diabetes and cardiovascular disease (25).

This study had some limitations. First of all, it was a single-center study and the number of patients was limited. There was no comparison between the dexmedetomidine untreated group and there was no placebo-controlled group. However, as far as we know, this is the first study conducted by intensive care specialists on patients who underwent major abdominal surgery and developed postoperative respiratory failure in our country.

Our study suggests that dexmedetomidine demonstrates effective sedation in patients with postoperative ARF during NIMV application after abdominal surgery and it can be considered safe and capable of improving NIMV success. NIMV administration and IV dexmedetomidine application enable more effective use of surgical ICU beds and reduce the costs. However, if surgical patients who underwent NIMV and started IV dexmedetomidine are tachypneic and have severe hypoxemia, the risk of failure of NIMV should be considered and these patients should be followed more closely.
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