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Discussion
            Pain following thoracic surgery has been reported to be among the most intense clinical experiences known. The nociceptive pathways that are responsible for postthoracotomy pain are still poorly understood, possible sources of nociceptive input that may contribute to post-operative pain following thoracic surgery are multiple and include: the site of surgical incision, disruption of the intercostals nerves, inflammation of the chest wall structures adjacent to the incision, pulmonary parenchyma or pleura, and thoracotomy drainage tubes. Unrelieved acute pain following thoracic surgery can not only contribute to postoperative pulmonary dysfunction, but may also contribute to the development of postthoracotomy pain syndrome (Scott, 2007).
The epidural analgesia has been known since the beginning of the last century therefore, its basic effects are considered to be clear, thoracic epidural analgesia has been considered to have a good anesthetic efficacy and to decrease postoperative pain and complication rate (Armon et al., 2007).
          The epidural space (or extradural space or peridural space) is a part of the human spine. It is the space inside the bony spinal canal but outside the membrane called the dura mater (sometimes called the "dura"). In contact with the inner surface of the dura is another membrane called the arachnoid mater ("arachnoid"). The arachnoid encompasses the cerebrospinal fluid that surrounds the spinal cord      (Wheatley et al., 2001).

            Injecting medication into the epidural space is primarily performed for analgesia. This may be performed using a number of different techniques and for a variety of reasons. Additionally, some of the side-effects of epidural analgesia may be beneficial in some circumstances (e.g., vasodilatation may be beneficial if the patient has peripheral vascular disease). When a catheter is placed into the epidural space a continuous infusion can be maintained for several days (Wheatley et al., 2001).

        Other methods of postoperative analgesia following thoracotomy include intrapeleural , intravenous and cryoanalgesia , the advantages of epidural over intravenous analgesia regarding pain relief include improvement in postoperative pulmonary function , decrease in postoperative pulmonary complications , endocrine and metabolic response (Swaroop et al,2002). 
Postoperative analgesia provided by thoracic epidural medications would also be advantageous in the patient with critical myocardial oxygen balance, provided that cardiac filling pressures 
are maintained; the sympathetic blockade in this patient 
was initiated slowly to avoid a decrease in coronary perfusion pressure (Coutin et al., 2007).
         Thoracotomy incision is considered one of the most painful incisions; the pain is mainly a result of cutting of the muscles between the ribs and spreading the ribs apart. After surgery, every breath the patient takes expands the chest and spreads the incision to cause sever painful sensations (Chia et al, 2006).

The aim of this study was to compare the efficacy and adverse events of thoracic epidural injections to reach the best combination in controlling acute pain after thoracotomy.  As regard its efficacy in decreasing pain and its lower side effects and complications.

         Incisional pain resulting in hypoventilation and hypoxaemia is one of the immediate postoperative problems encountered by the surgeons and anesthetists in some of the patients who undergo thoracotomy. Parenteral and epidural drug administration of narcotics, infiltration of incisional site with local anesthetics, and intercostal nerve blocks are some of the techniques used to control postoperative pain after thoracotomy (Swaroop et al., 2002).

        Lateral thoracotomy results in sever pain and deleterious changes in pulmonary physiology .Intrathecal and epidural administration of opioid drugs have been extensively investigated since the discovery of the spinal opiate receptors and shown to produce acceptable analgesia after thoracotomy (Swaroop et al.,2002). 

In the current study, thoracic epidural infusion of magnesium sulfate in patients after thoracotomy procedures was evaluated. 

As regard magnesium sulfate, we used it because of its analgesic effects thorough the thoracic epidural infusion, that action is mediated thorough the mechanism of N-methyl d-aspartate (NMDA) receptor antagonist (Coutin et al., 2007). Magnesium is called “nature’s physiological calcium channel blocker”. Calcium channel blocker has antinociceptive effects in rat and morphine potentiation in chronic pain patients.            
Magnesium possesses a property of N-methyl-d-aspartate (NMDA) receptor antagonist; it is true that NMDA receptor antagonist plays an important role in prevention of central sensitization and pain (Seri and French, 1984).
           Magnesium blocks NMDA channels in a voltage-dependent fashion, and such NMDA antagonism can prevent the induction of central sensitization from peripheral nociceptive stimulation (Woolf and Thompson, 1991). Activation of NMDA receptors leads to calcium and sodium influx into the cell with an efflux of potassium and initiation of central sensitization and wind-up. NMDA receptor signaling may be important in determining the duration and intensity of postoperative pain Selective NMDA receptor antagonists are not available for clinical pain management. However, several compounds approved for use in humans for other indications, such as ketamine and Magnesium, that they have significant NMDA receptor-blocking properties. Magnesium blocks NMDA channels in a voltage-dependent way (depolarization removes magnesium blockade), and the addition of magnesium produces a dramatic reduction of NMDA-induced currents. A limitation to the parenteral application of Magnesium for modulation of antinociception via NMDA channel antagonism is insufficient blood-brain barrier penetration to achieve effective CSF concentrations (liu et al., 2001).   Ketamine, a better known NMDA antagonist, not only abolishes peripheral afferent noxious stimulation, but can also prevent the central sensitization of nociceptors. However, it has been reported that ketamine and magnesium inhibit the NMDA system differently. Magnesium blocks calcium influx and non-competitively antagonizes NMDA receptor channels. Non-competitive NMDA receptor antagonists can have an effect on pain when used alone, but it has also been shown that they can reveal the analgesic properties of opioids. In this manner, the coadministration of magnesium and an opioid is expected to allow a significant reduction in opioid administration for postoperative pain alleviation (Fawcett et al., 1999).
           Magnesium is the fourth most plentiful cation in the body.  It has antinociceptive effects in animal and human models of pain (Ozalevli et al., 2005).  These effects are primarily based on the regulation of calcium influx into the cell, which is natural physiological calcium antagonism and antagonism of N-methyl-D-aspartate (NMDA) receptor (Sirvinskas and Laurinaitis, 2002).  It has been reported that intrathecal magnesium sulfate enhances opioid antinociception in an acute incisionl model (Kroin et al., 2000). These effects have prompted the investigation of magnesium sulfate as an adjuvant for postoperative analgesia. 

        There are studies concerning different routes of magnesium sulfate administration such as intravenous or intrathecal, which improve anesthetic and analgesic quality (Tramer et al., 1996).  No clinical studies have examined the effect of magnesium sulfate administered epidurally with opioids.

           Magnesium sulfate has been advocated because of direct vasodilatory effects, potent antiarrhythmic properties especially in the presence of elevated catecholamines, and inhibition of catecholamine release from the adrenal medulla and sympathetic blockade has reduced catecholamine release (Coutin et al., 2007).

       Our results as regarding hemodynamics that were recorded in group M were as follow; as regard the means of the systolic blood pressure were as follow; 141.75±11.616 mmHg, 106.75±10.548 mmHg, 100.50±4.840 mmHg, 101.50±4.617 mmHg, and 101.00±4.472 mmHg in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and as regard the means of the diastolic blood pressure were as follow; 88.00±5.477 mmHg, 64.50±6.669 mmHg, 61.75±3.726 mmHg, 64.25±5.447 mmHg, and 62.50±5.501 mmHg in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and as regard the means of the heart rates were as follow; 119.25±2.936 beat/min,  107.40±4.967 beat/min, 99.70±5.038 beat/min,  95.30± 5.966 beat/min, and 90.05±7.007 beat/min in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively. These results of hemodynamic parameters indicate hemodynamic stability which was expected from magnesium sulfate.

         Our results as regarding respiratory parameters that were recorded in group M were as follow; as regard the means of the respiratory rates were as follow; 21.50±2.164 breath/min, 15.75±2.023 breath/min, 13.75±1.372 breath/min, 13.30±0.923 breath/min, and 13.30±0.979 breath/min in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, these results show that there were initially a higher respiratory rate in the beginning of the trial then a gradual decrease in the respiratory rates all through  the trial coinciding with the improvement of analgesia and pain reduction.
          As regarding ABG results, we found that almost all patients initially showing respiratory acidosis from pain that restricted their ventilation and led to carbon dioxide retention and respiratory acidosis, but with the continuous infusion of magnesium sulfate with bupivacaine in the thoracic epidural catheter, pain was reduced and a state of adequate analgesia developed leading to improved ventilation of the patients and ABG results were significantly improved and normalized with time.

         This cross sectional, controlled clinical trial was conducted with a hypothesis that the addition of magnesium sulfate to bupivacaine and then infusion of the combination into the thoracic epidural space may decrease the postthoracotomy pain and improve the quality of analgesia.

       Our results as regarding pain scores and analgesia that were recorded in group M were as follow; as regard the means of VAS were as follow; 4.00±0.000, 3.00±0.000, 1.50±0.607, 1.65±0.489, and 1.70±0.470 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and as regard the means of VRS were as follow; 8.00±0.000, 6.00±0.000, 3.00±1.214, 3.30±0.979, and 3.40±0.940 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively. These results emphasis the analgesic effect of magnesium sulfate infusion in thoracic epidural space for controlling postthoracotomy pain. 
     As regard the recorded sedation results in group M, the means of RSS were as follow; 1.05±0.224, 2.00±0.000, 2.00±0.324, 2.00±0.000, and 2.00±0.000 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, these results indicated that the patient were in mildly sedated as expected from magnesium sulfate, and this explained by the lower concentration of magnesium sulfate infused epidurally.
         Regards to complications that we met in group M were as follow; only 5 patients i.e., 25% of the patients of this group are complicated (2 patients developed hypotension and treated by 5 mg ephedrine and 500ml normal saline infused intravenously, and other 3 patients developed nausea and vomiting and treated by 10 mg metoclopramide), and no any other complications were reported,  as regard neurotoxicity that never happened or met through the study,  these results are in agreement with the results of Goodman et al (2006), Chanimov et al (1997) , and Saeki et al (2004). Because in two cases reported by Goodman et al (2006), larger doses (8.7 g, 9.6 g) of magnesium sulfate inadvertently administered into the epidural space did not cause any neurologic injury. Also another report described an inadvertent intrathecal injection of 1000 mg of magnesium sulfate producing a transient motor block followed by a complete resolution and no neurological deficit at long-term follow-up. If larger doses are administered epidurally, does postoperative analgesic demand decrease or the analgesic effect enhance? Currently, the answer to this question is unknown. 

          The safety of magnesium sulfate in the central nervous system has been evaluated.  In a canine model of spinal cord ischemia, it has been demonstrated that intrathecal magnesium sulfate can prevent spinal cord injury despite markedly negative spinal cord perfusion pressure during thoracic aortic cross-clamping. None of the dogs that received intrathecal magnesium sulfate had neurological injury and histopathological changes in their study. Chanimov et al (1997) showed that repeated intrathecal injections of magnesium sulphate in a rat model indicate a lack of neurotoxicity in histological examination. Only a study in rabbits by Saeki et al (2004) reported toxicity with intrathecal magnesium sulfate in larger doses, and in their study the authors stated that the hyperosmolar solutions of magnesium sulphate may have caused neurotoxicity. One of the main differences of this study from ours is the route of administration as we used the thoracic epidural route, and the second difference is the higher doses they used.                                                                                                    
In our study, thoracic epidural infusion of fentanyl citrate in patients after thoracotomy procedures was also evaluated. 

        Fentanyl citrate offers some advantages for epidural analgesia because of its greater lipophilic nature. Fentanyl citrate undergoes rapid vascular absorption from the epidural space, and it spreads less rostrally than other commonly used opioids (Benzon and Knight, 2002). Although some investigators have suggested that the predominant mechanism of the analgesic effect of epidural fentanyl citrate is systemic in nature, it is postulated that the epidural route is more effective than an intravenous infusion when the epidural catheter was inserted near the vertebral level of surgery (Benzon and Knight, 2002). The rapidity of analgesic effect of epidural Fentanyl citrate administration and the relatively short duration of action makes it the drug of choice for postoperative acute pain (Varrassi et al., 2002). Lipophilic nature of fentanyl citrate  limits its cephalad migration and this results in a lower incidence of side-effects such as respiratory depression, urinary retention, nausea, and vomiting (Benzon and Knight, 2002) and this come in agreement with our results, as in this study we found that group F had the best results in comparison with the other two groups (M, N) as regarding the hemodynamic parameters, respiratory parameters, pain scores, sedation scores, and lower rate of complications.                                
              Swaroop et al (2002) found that the problem of cardiovascular instability still remains, and that finding was contrary to our results, because in this study in group F (20patients) it was found that as regard hemodynamics, the systolic blood pressure, and the diastolic blood pressure never decreased below the normal values and on the contrary there were a condition of hemodynamic stability except in one patient who developed hypotension and treated with 5mg ephedrine intravenous and 500ml normal saline, so in the group F (20 patients) it was found that 19 patients were hemodynamically stable.
            As regard heart rate in group F the present study, it was found that heart rate was stable and never decreased below normal values and the means were as follow; 117.00±6.156 beat/min, 100.45±6.809 beat/min, 92.10±5.108 beat/min, 84.25±5.087 beat/min, and 81.00±4.757 beat/min in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively indicating that the heart rate decreased with decreasing pain and improving analgesia, this is explained by decreased sympathetic stimulation and the stress state accompanying pain,  and then it was found that in group F had a better results as regarding hemodynamic stability which is the contrary to the results of  Swaroop et al (2002).
Although, Swaroop et al (2002) believed that the problem of profound respiratory depression still remains, as regard the respiratory rate, Swaroop et al (2002) found that the respiratory rate was initially high, but later decreased and it was statistically significant, however, the respiratory rate never decreased below 8 breath/min, and they believed that this decrease in respiratory rate indicated good analgesia, and these observations are similar to the results of our study, because in this study in group F (20patients),  none of our patients had somnolence and slow respiratory rate (<10 breath/min) and the means of the respiratory rate were as follow; 21.95±2.781 breath/min, 14.50± 2.606 breath/min, 12.10±2.174 breath/min, 10.95±1.276 breath/min, and 11.00±0.918 breath/min in the 3rd h, 4th, 8th, 12th and 24th  postoperative hours respectively, we found that initially the patient suffered from rapid shallow respiration, and then there were a significantly decreased respiratory rate with better chest expansion denoting better analgesia.
         Although, the side effects of opioids may still be a problem, and the most dangerous of which is delayed respiratory depression, this has been associated more with hydrophilic than lipophilic drugs like fentanyl citrate, and that coincide with our study results as no patient in group F suffered  from respiratory depression

            As regarding ABG results, we found that almost all patients initially showing respiratory acidosis from pain that restricted their ventilation and led to carbon dioxide retention and respiratory acidosis, but with the continuous infusion of fentanyl citrate with bupivacaine in the thoracic epidural catheter, pain was reduced and a state of adequate analgesia developed leading to improved ventilation of the patients and ABG results were significantly improved and normalized with time.

 Also Swaroop et al (2002) found that both thoracic and lumber epidural fentanyl citrate infusion have been reported to provide good pain relief after thoracic operations and that is equal and in agreement with our study results, also Chamberlain et al (1989) reported that thoracic epidural fentanyl citrate infusion provided better pain scores at smaller doses than lumber epidural fentanyl citrate infusion , and that also came in agreement with our study results, as in group F in our study, the means of VAS were as follow; 4.00±0.459, 2.95±0.510, 0.60±0.503, 0.70±0.470, and 0.85±0.489 in the 3rd h, 4th, 8th, 12th and 24th  postoperative hours respectively, as regard VRS in group F in our study, the means were as follow; 7.90±0.788, 5.90±0.788, 1.20±1.005, 1.40±0.940, and 1.70±0.979 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, because the combination of bupivacaine and fentanyl citrate improved the quality of pain relief.
 As regard the sedation, the means of RSS in group F in our study were as follow; 1.00±0.000, 2.00±0.000, 2.30±0.657, 2.40±0.503, and 2.20±0.410 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively.

All these data were in agreement with that obtained by  Swaroop et al (2002), as they used VAS , VRS and sedation scores and measured them frequently during the 24 hour period like that in  our study, but the deference between our study and  their study is the concentration of fentanyl citrate used in the infusion, as they used the concentration (10  (g/ml) of fentanyl citrate in all patients, which did not come in agreement with the present study, because here fentanyl citrate was infused by the concentration (2  (g/ml) in all patients  so we infused smaller concentration of fentanyl citrate   but a similar results were obtained.

        Sanjay et al (2003) in their study on 90 patients scheduled for pulmonary resection, they worked on 3groups,   group1 received   bupivacaine 0.125%+ fentanyl citrate 10ug/ml, and group 2 received bupivacaine 0.25% +fentanyl citrate 10ug, and   Group 3 received   fentanyl citrate 10ug/ml only, as a continuous thoracic epidural infusion and their assessment were done over 24 h, in hours 2, 4, 8, 16, 24 postoperatively by VAS and observer verbal ranking scale, and they concluded that in the early postoperative period, the use of 0.0125% bupivacaine  improves fentanyl epidural analgesia in patients undergoing lung resection.
            The present study is similar to that of Sanjay et al (2003) in many aspects, from which, is the concentration of bupivacaine (0.125%) in group 1, that is the same concentration of bupivacaine in all our study groups (M, F, N), also there were a similarity in their results; because here in this study group F almost the same superiority over the other comparative groups as regarding improved pain and analgesia after thoracotomy. On the other side, our study differs from that of Sanjay et al (2003) in many aspects, from which, is the number of the patients as they worked on 30 patients in each group but our study was done on using 20 patients in each group, also there was a difference in the concentration of the fentanyl citrate infused as the current study used a smaller concentration 2ug/ml, on the other side they used fentanyl citrate infusion in concentration 10ug/ml, also in their study, they recorded their data from the 2nd h, 4th h, 8th h, 16th h, and the  24th h  postoperatively, but our study started from the 3rd h, 4th h, 8th h, 12th h, and the  24th h  postoperatively.  
Corey et al (1993) in their study of 30 patients used epidural fentanyl in titrated doses (50 (g initially and 25 (g in repeated doses) every 15 minutes until the VAS was less than 4 or until a maximum fentanyl dose of 150 (g by bolus and an infusion rate of 150 (g/hr was reached .the thoracic group had fewer episodes of somnolence compared to the lumber group. However the incidence of slow respiratory rate (<10 breath/min) was similar in both groups. Of the patients who had lumber epidural infusion, 4 patients required naloxone to treat somnolence, slow respiratory rate and carbon dioxide retention. These results are contrary to our observations as none of our patients had somnolence and slow respiratory rate (<10 breath/min) probably because we used significantly less total doses of epidural fentanyl citrate to achieve satisfactory VAS and VRS in our groups.
     Gough et al (1988) found in their comparative study of two methods to relieve postthoracotomy pain, that continuous thoracic epidural infusion of fentanyl citrate produced superior analgesia when compared with cryoanalgesia of the relevant thoracic nerves. Linear analogue pain scores were consistently lower in the epidural group reaching significance (p < 0.05) at 32 and 40 hours after operation. All 36 patients in the cryo-analgesia group required additional analgesia; while 12 patients out of the 32 patients in the epidural group did not. This difference was significant at (p < 0.001). They found that respiratory and cardiovascular measurements were similar in both groups and the only side effect attributable to the epidural fentanyl citrate was itching. As regard our study, there was agreement with their finding as regarding the effective analgesic role of the continuous thoracic epidural fentanyl citrate infusion for postthoracotomy pain but there were disagreement with them in the number of patients and the duration of the study, also none of our patients developed itching, and this may be attributed to the lower concentration we used.
     Bilir et al (2007) in their study about the comparison between two groups, one group got fentanyl citrate only in the epidural to control postoperative pain, and the other group got fentanyl citrate plus magnesium sulfate, their study was conducted on fifty patients undergoing hip surgery, the patients were enrolled to receive either fentanyl citrate (Group F) or fentanyl citrate plus magnesium sulphate (Group FM) for 24 h for epidural analgesia. All patients were equipped with a patient-controlled epidural analgesia device and the initial settings of a demand bolus dose of fentanyl citrate (25 µg). In Group FM, patients received 50 mg magnesium sulphate epidurally as an initial bolus dose followed by a continuous infusion of 100 mg/h. They recorded data in the postoperative period were: ventilator frequency, heart rate, blood pressure, pain assessment using a visual analogue scale (VAS), sedation scores and fentanyl citrate consumption. 

Bilir et al (2007) found that, there was no significant difference between groups in the time to first analgesic requirement, but by comparison with Group F, they noticed that patients in Group FM received smaller doses of epidural fentanyl citrate (P<0.05). The cumulative fentanyl citrate consumption in 24 h was 437±110 µg in Group F and 328±50 µg in Group FM (P<0.05). Patients in Group F showed a higher VAS score in the first hour of the postoperative period (P<0.05). The groups were similar with respect to hemodynamic and respiratory variables, sedation, pruritis, and nausea, and their conclusion was that: Co-administration of magnesium sulfate for postoperative epidural analgesia results in a reduction in fentanyl citrate consumption without any side-effects. As regarding our study results, there was agreement with Bilir et al (2007) about the great role of magnesium sulfate infusion in the epidural space for postoperative analgesia. 

          Our study results differ from that obtained by Bilir et al (2007), in that; they used the magnesium sulfate and fentanyl citrate in different doses, also they infused these drugs thorough lumber epidural but in our study we infused these drugs through thoracic epidural route, also another difference is that the doses and the concentrations in our study was fixed to all patients but they did not, also another difference  is the number of the patients and the number of the groups, also Bilir et al (2007) had infused magnesium sulfate not alone but in combination with fentanyl citrate, on the other side , here magnesium sulfate was infused in combination with bupivacaine only. Although, these differences, there were agreement with them because in our study, the group M got the lowest level of analgesia in comparison with the other two groups (F, N), so in the combination of Bilir et al (2007), They got more analgesia through the synergistic effect resulting from the addition of Magnesium sulfate and fentanyl citrate.
In our study, thoracic epidural infusion of neostigmine methyl sulfate in patients after thoracotomy procedures was also evaluated.
          The severe pain that follows thoracotomy puts patients at major risk for pulmonary complications. Effective analgesia and blockade of the perioperative stress response may improve outcome, and thoracic epidural analgesia plays a role in reduction of pulmonary complications after thoracic surgery (Yegin et al., 2003).
Chia et al (2006) added neostigmine methyl sulfate 7(g/ml in the multimodal analgesic mixture also produced an analgesic sparing effect, which reduced the analgesic mixture consumption, and this data is similar to our study results.
As regards to our hemodynamic results in group N, the means of the systolic blood pressure were as follow; 133.75±7.048 mmHg, 105.00±9.597 mmHg, 99.25±7.122 mmHg, 96.50±6.091 mmHg, and 99.00±4.472 mmHg in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and the means of diastolic blood pressure were as follow; 84.25±7.482 mmHg, 63.75±6.257 mmHg, 59.75 ±3.024 mmHg, 60.00±3.244 mmHg, and 61.00±3.078 mmHg in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively.
Chia et al (2006) found that in 2 healthy volunteers, intrathecal injection of 750 (g of neostigmine methyl sulfate was associated with increased arterial blood pressure and heart rate; however, the mechanism for this increases is unknown, many experiments indicate that spinally administered neostigmine methyl sulfate increases arterial blood pressure and heart rate, which is an effect possibly mediated by activating preganglionic sympathetic neurons.  But that observation did not coincide with that of the current study results neither in the dose nor in the event, because it was found in the group N; 3 patients complicated with hypotension and treated by 5mg ephedrine and 500ml normal saline, but the other 17 patients in group N did not show increased arterial blood pressure and that observation was in contrary to that results obtained by Chia et al (2006).
Chia et al (2006) in their study, they found that the slower maintenance heart rate during continuous epidural neostigmine methyl sulfate infusion (125 (g/h) might have been caused by cephalic spread of epidural neostigmine methyl sulfate, through  activation of central cholinergic system with resultant slower maintenance heart rate. It is also possible that epidural neostigmine  methyl sulfate was reabsorbed by the epidural venous plexus into systematic blood flow, leading to slower heart rates during maintenance of the infusion, and that observation coincide with that of the present study, as the means of heart rates in group N were as follow; 119.00±5.758 beat/min, 102.95±6.770 beat/min, 96.80 ±5.872 beat/min, 91.15 ±7.013 beat/min, and 87.70 ±7.020 beat/min   in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, so we found that there was a decrease in the mean heat rates with the infusion but not to the level that causing bradycardia (HR<60beat/min), because the lower heart rate was 80 beat/min , and the gradual decrease of the heart rate could be explained by the decreased pain and improved analgesia. 

As regard to respiratory parameters, the means of the respiratory rate were as follow; 21.40±1.875 breath/min, 15.80±2.353 breath/min, 19.75±2.487 breath/min, 18.70±2.968 breath/min, and 12.30±1.342 breath/min in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively indicating significantly improved analgesia.
         As regarding ABG results, we found that almost all patients initially showing respiratory acidosis from pain that restricted their ventilation and led to carbon dioxide retention and respiratory acidosis, but with the continuous infusion of neostigmine methyl sulfate with bupivacaine in the thoracic epidural catheter, pain was reduced and a state of adequate analgesia developed leading to improved ventilation of the patients and ABG results were significantly improved and normalized with time.

 Few anesthesia studies have explored perioperative continuous epidural infusion of neostigmine methyl sulfate. Yegin et al (2003) examined such a regimen in thoracotomy patients. Ninety patients were randomized to one of three groups in this double-blind trial. Before anesthesia induction, an epidural catheter was inserted in all patients at T5-8 levels under local anesthesia. Pre-neo patients received bolus 500 ug epidural neostigmine methyl sulfate before anesthesia induction followed by infusion of 125 ug/h until the end of surgery. Postoperative-neostigmine patients received epidural saline during the same time periods plus bolus 500 ug epidural neostigmine methyl sulfate at end of surgery. Patients in the control group received saline placebo during all three periods. Patients in the neostigmine groups postoperatively received patient-controlled epidural analgesia with morphine 0.02 mg/mL, bupivacaine 0.08 mg/mL (0.025%), and neostigmine 7 ug/mL, and in the control group which was also patient-controlled epidural analgesia they excluded neostigmine methyl sulfate not to be infused to patient of this group. Data were recorded for 6 postoperative days. Daily patient-controlled epidural analgesia consumption (mL) for Preoperative-neostigmine patients was significantly less than that of postoperative-neostigmine and control group patients for postoperative days 1-6 (at least 10% and 16% less, respectively). There was a modest decrease in pain intensity on postoperative days 3-6 for preoperative-neostigmine patients versus other groups (P < 0.05). These results suggest that continuous thoracic epidural neostigmine methyl sulfate started before anesthesia provided preemptive, preventive analgesia and an analgesic-sparing effect that improved postoperative analgesia for these patients without increasing the incidence of adverse effects.
As regard Yegin et al (2003) results, there were agreement with our study results as regarding the analgesic effect of the neostigmine methyl sulfate infused into the thoracic epidural space as the means of VAS in group N were as follow; 4.00±0.000, 3.05±0.224, 0.95±0.510, 1.00±0.324, and 1.05±0.510 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and the means of VRS in group N were as follow; 8.00±0.000, 6.10±0.447, 1.90±1.021, 2.00±0.649, and 2.10±1.021 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively indicating significantly improved analgesia.

There were differences in many aspects between Yegin et al (2003) and our study; firstly they aimed to have preemptive and postoperative analgesia but our study aimed to have postoperative analgesia only, another difference was the number of patients in both studies as they worked on 90 patients but in this study they were 60 patients, another difference was in the concentration of bupivacaine infused , as they infused much more decreased concentration which is equal to one fifth that  of our study, and also there was a difference in the duration postoperatively as they recorded their data for 6 days but in the present study it was recorded for only the first day postoperative , and lastly they used patient- controlled epidural analgesia but in this study continuous thoracic epidural infusion was used   
               As regard sedation which was a major concern in the study (safety assessment) of intrathecal neostigmine methyl sulfate (150-750 (g) in healthy volunteers, was rarely assessed in previous        clinical studies of epidural or intrathecal neostigmine methyl sulfate alone or combined with morphine or bupivacaine. One recent study demonstrated that epidural neostigmine methyl sulfate (75-300 (g) resulted in dose-independent mild sedation and extended into the postoperative period for 24 hours, a phenomenon that was attributed to increased central cholinergic receptor stimulation. However, the results of the our study stated that all patients of all the 3 groups were fully awake and alert but only mild sedation was found, and the means of RSS in group N in our study were as follow; 1.00±0.000, 2.00±0.000, 1.95±0.224, 2.00±0.000, and 2.00±0.000 in the 3rd h, 4th, 8th, 12th and 24th postoperative hours respectively, and this result coincide with the observations obtained by Chia et al (2006).

As regard nausea and vomiting occurred in a dose dependant manner after intrathecal neostigmine methyl sulfate in healthy volunteers; this was thought to be the most likely bothersome side effect that could limit the utility of spinal neostigmine methyl sulfate in clinical practice. This side effect was suggested to be secondary to cephalic spread of intrathecal neostigmine methyl sulfate. 
         Also there was a similarity with that observed by Yegin et al (2003) in developing nausea and vomiting that occurred in a comparable number of patients of both studies.

              However, previous studies examining lumber epidural administration of neostigmine methyl sulfate showed that epidural neostigmine methyl sulfate seemed to avoid or attenuate these side effects , the results of our study were not in agreement with that observation, demonstrating that thoracic epidural  infusion of neostigmine was associated with an increased incidence of postoperative nausea and vomiting as in group N; 25% of the group patients developed nausea and vomiting and treated by 10 mg metoclopramide, which is a very high percent, and this was not in agreement with the observation of  Chia et al  (2006) as they found that thoracic epidural infusion of neostigmine was not associated with increased incidence of postoperative nausea and vomiting.
           Regards to the complications: In group M: only 5 patients i.e., 25% of the patients of this group are complicated (2 patients developed hypotension and treated by 5mg ephedrine and 500ml normal saline, and other 3 patients developed nausea and vomiting and treated by 10mg metoclopramide). In group F: only one patient i.e., 5% developed hypotension and treated by 5mg ephedrine and 500ml normal saline. In group N: we have 8 patients complicated i.e., 40% of the patients of this group (3 patients developed hypotension and treated by 5mg ephedrine and 500ml normal saline,  and other 5 patients developed nausea and vomiting and treated by 10mg metoclopramide). 
           Through this study, it was found that failed technique to reach the epidural space (technical failure and not attributed to any drug)  had occurred in one patient only in each group and that patient had replaced by another one, who was scheduled for thoracotomy and also in group M we met one patient with failed  analgesia and after investigation and checking we found that the catheter was pulled out  from the back of that patient and also that patient had been replaced by another patient, who was scheduled for thoracotomy, all this replacement to keep all groups to be equal in number to be 20 patients.  

As regard the comparison among the 3 groups (, M = magnesium , F =Fentanyl, N = Neostigmine ) it was found that: group F  has the best results in comparison with the other 2 groups (M, N ) according to : visual analogue scale (VAS) , verbal numerical rating scale (VRS) , sedation scale(Ramsay sedation scale), hemodynamic  parameters (systolic blood pressure, diastolic blood pressure , and heart rate ) , respiratory rate , arterial blood gases ( ABG) as regard (pH , PaO2 , PaCO2 , HCO3 ) 

. 
*   In comparing group F with group M, it was found that:

Group F is superior to group M as regard the better hemodynamic stability, better respiratory parameters, better pain scores, better sedation scores, and the lower rate of complications. 

 *    In comparing group F with group N, it was found that:

Group F is superior to group N as regard the better hemodynamic stability, better respiratory parameters, better pain scores, better sedation scores, and the lower rate of complications.
*    In comparing group M with group N, it was found that:
Group N is superior to group M   as regard the better hemodynamic stability, better respiratory parameters, better pain scores, better sedation scores but group M had a lower number of complicated patients than that in group N.
         So arranging and putting the three groups in order scheme; the finding was as the following: group F > group N > group M, and according to this order we can say that the addition of fentanyl citrate to bupivacaine and infusion of their combination through the thoracic epidural catheter is the best and the safest combination in controlling acute post-thoracotomy pain.
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