Pathological findings of myocardium in carbon monoxide poisoning are basically similar to those in hypothermic deaths.
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Abstract
It has been described that the myocardium did not show any ischemic types of changes or other lesions in human hearts obtained from fatal carbon monoxide poisoning cases, although some report indicated the existence of pathological changes in the myocardium from carbon monoxide poisoning cases. We investigated the changes in myocardium obtained from several individuals who died in suicidal carbon monoxide poisoning, in house fire cases and in suicidal burning with kerosene using conventional staining.  And we compared the results with those obtained from individual who died due to hypothermia. With conventional staining the cardiac cells from both group showed color-changing with HE (eosinphilic color changing) and Azan (orange color changing) stains, colliquative myocytolysis and contraction bands necrosis, respectively, however aggregated cardiac cells was find only in those from hypothermic death. The results obtained in this study and together with previous one indicate that death mechanism of carbon monoxide poisoning and hypothermic resemble to each other, that is, cardiac hypoxia is surely caused by disturbance of oxygen releasing from hemoglobin in hypothermia and by lacking of oxygen due to high affinity of carbon-monoxide to hemoglobin in CO poisoning, respectively. 
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Introduction 
When the myocardial cells arrest in contraction state, the hyper-contracted myocardial cells break down forming hyper-eosinophillic transverse bands constituted by hyper-contracted, extremely short sarcomeres with highly thickened Z line with Hematoxylin-Eosin Stain (HE stain) (1). It has been reported that the contraction band necrosis (CB) has been associated with coronary occlusion, resuscitation attempt, drowning, intracranial hemorrhage, sudden cardiac death and a wide variety of drugs (2). 
In a previous study (3,4), we investigated the histological characteristics of the heart obtained from hypothermic death individuals and showed that 4 kinds of histological findings were detected, that is, 1) The cardiac cells remarkably closed adherence to each other, 2). The number of red or orange colored cardiac cells (colored cell) by HE or Azan stain, respectively, was frequent than that of control. 3). The cardiac cells with severe vacuolar, colliquative myocytolysis (CM), were identified in the papillary and left ventricle muscles. 4) The contraction bands (CB) in the cardiac cells were recognized mainly in sections from the septum of the hearts obtained from hypothermic and coldwater immersion death by Azan staining, which was more effective to detect the bands than that by HE stain. And we indicated that the hypothermic death might mainly be caused by hypoxia due to decreasing of oxygen dissociation from hemoglobin. In our routine postmortem examination we often observed existence of contraction band necrosis in burned bodies with various saturation level of carbon monoxide hemoglobin (COHb). These experiences conduct us to investigate the validity of Azan stain to detect the contraction bands in the myocardium obtained from charred bodies and/or carbon monoxide death individuals, although the existence of the contraction band necrosis has not been described in the cardiac tissue obtained from fatal carbon monoxide poisoning (5,6). Additionally it is well known that carbon monoxide binds to the myoglobin (7) and cytochrome oxidase (8). Carbon monoxide has a high affinity for hemoglobin and myoglobin, about 200 times greater than those of oxygen, respectively, and cause reduces cardiac output and hypotension. The binding of carbon monoxide to cytochrome oxidase also interferes with aerobic metabolism and efficient ATP synthesis. These situations seem to be the similar to that in hypothermic death, since lacking of oxygen or decreasing of oxygen releasing results decreasing ATP producing in the tissue. In this study we examined whether the existence of CB, orange changed myocardial cells and CM in the myocardium from bodies with high level of COHb are detectable by HE or Azan stains. 
Materials and Methods
We have performed routinely histological examination in four parts of the hearts, that is, the horizontal sections from right and left ventricle and septum and the longitudinal sections of the interventricular septum including conduction system by HE and Azan stain. In a preliminary study, we observed a large number of the contraction band necrosis in the myocardium obtained from 74 year-old male who died in a suicidal house fire, however the complete obstruction of coronary artery and severe thermal damage were detected in his myocardium, as shown in Figure 1., since we selected the specimens from individuals without coronary-sclerosis, heart diseases and severe thermal changes on the cardiac surface in this study. 
We selected 20 individuals who died due to carbon monoxide poisoning. The age, gender, cause of death, saturation level of COHb, and death scene situation were described in Table 1. In one case unrelated 5 persons died in a car, and in two family cases 5 persons died in independent cars. One person, and two pairs of lovers and male co-workers died in their own houses. All died using burning charcoal briquette. We additionally selected 5 persons with/or without COHb, who found in house fire or died due to suicidal fire. All died without resuscitation attempts of any type. The results obtained from each individual were compared with those of hypothermic death cases in previous report (3). 
Determination of COHb in blood from each individual was performed by visible spectrophotometry method (9).
We additionally tried to evaluate the agonal duration of 14 individuals who died due to carbon monoxide poisoning within last two years. We calculated the remaining of granular cells in the cerebellum according to our previous study (10). The evaluation of alteration of the granular cells was performed using Photoshop™ application. After taking photograph of the GCL stained by HE at microscopy level using Nikon H550S™ system at magnification ×400. Color of nucleuses of the granular cells was changed into gray and then the ratio of the number of pixels with gray color and other color was counted with Adobe Photoshop CS5™ (Adobe Systems™). The frequency of the remaining cells was indicated as percentage of the total number of pixel with gray color in the GCL. The area of remaining granular cells was indicated as the percentage of the GCL. When we counted number of pixels, we chose five visual fields of GCL which looked equable and calculated average. In every case, whole pixels of one fields was 327,680 pixels.

Results
The colored cells by HE or Azan stain were detected in the myocardium both from all of suicidal CO poisoning and death in house fire cases. The CMs were also observed specially in endocardium sides in all case examined. The close adherence of the cardiac cells was not detected in CO poisoning cases. The CB were detected mainly in the right ventricle from 18 cases of suicidal CO poisoning and not detected in 2 cases of suicidal CO poisoning. However the CB were detected in right ventricle and/or longitudinal sections of the inter-ventricular septum from all case in accidental house fire, irrespectively the level of COHb, although the frequency of CB expression was remarkable in individuals with low level of COHb and thermal changes on the chest wall. Typical findings obtained from an individual who died in a bedroom with her lover using burning charcoal briquette were shown in Figure 2. The hypoxic changes detected by conventional stains seemed to be weaker than those in hypothermic death. (3). There was no bleeding and leukocyte infiltration in the myocardium were detected in this study. The summary of staining results obtained from each individual was listed in Table 1. The results obtained from CO poisoning resemble to those from hypothermic death, however the intensity and frequency of findings were clearly and intensity in hypothermic death. Characteristics findings in hypothermic death were shown in Figure 3. 
The results of calculation of remaining the granular cells in the cerebellum were described in Table 1, and showed that the remaining granular cells were higher in suicidal burning, middle in house fire and lower in suicidal CO intoxication. The remaining of the granular cells in the cerebellum obtained from D-1 case who died due to hypothermia on a road was higher level compared with those in individuals died in house fire. 

Discussion
CO poisoning is known to cause myocardial toxicity and life threatening arrhythmias and COHb level correlated with prolonging of QT intervals and releasing of cardiac enzymes (11). On the contrary Fineschi et al (4) described that the myocardium did not show any ischemic types of changes or other lesions in human hearts obtained from fatal carbon monoxide poisoning cases. These reports allow us to make an examination whether hypoxic changes are able to observe in the myocardium from CO related deaths. 
The colored cell stained by Azan and HE was obviously observed in all section examined. It was showed that these colored cells by both stains were completely corresponding to each other in our previous report concerning hypothermic deaths (3). The cells with CM were also detected in all specimen examined. These results indicate that hypoxic changes surely occur in the heart in carbon monoxide poisoning, confirming the results reported by Fracasso et al (12). This study could also show the existence of CB in the cardiac cells from almost all of individual in house fire and even in cases of suicidal carbon monoxide poisoning. However the pathological changes including CB, CM and colored cells, were intensively and clearly in the hypothermic death compared with those in CO related death. Although the whole heart and body may be affected in both of hypothermic and CO related death, the progress and duration of ischemic/hypoxic condition between two situations may be different, that is, moderately occurring in the CO poisoning and relatively slowly in the hypothermia. The number of remaining granular cells was higher in suicidal burning, middle in house fire and lower in suicidal CO intoxication. This result may indicate that the difference of remaining may be caused by agonal duration. The remaining of the granular cells in the cerebellum obtained from D-1 case who died due to hypothermia on a road was higher level. It seems that hypothermic situation prevent the progressing of cell damage during agonal duration.
In this study we found CB and ischemic types of changes mainly in the right ventricles and longitudinal section of myocardial septum. Fracasso et al (12) also reported that fresh cardiac damage was detected with the antibody fibronectin in cases of CO poisoning and was prevalently localized at the right ventricle. Fineschi et al (4) examined, however, only 2-4 samples obtained from the anterior wall of the left ventricle，although they described no ischemic/hypoxic changes in the myocardium in CO poisoning cases. The present study may indicate that the right ventricle and longitudinal section of myocardial septum presumed to be useful for detecting CB. Staining intensity of CB was clearer in Azan stain than that by HE stain in this study. 
Since one of several causes presumed in hypothermic death was surely the hypoxic situation resulted from decreasing of oxygen dissociation from hemoglobin, the existence of high level of COHb in carbon monoxide poisoning cases also seems to bring out hypoxic changes in the myocardium. However we should deliberate on the materials included in the myocardial cells, that is, myoglobin, creatine, and cytochrome c oxidase, and some other toxic gasses expressed in house fire cases also may have cardiac toxicity.  
It is well known that abundant myoglobin and creatine pools exist in cardiac tissue, and their roles have been extensively studied (13). Myoglobin may work as an oxygen buffer, facilitate oxygen diffusion at low cellular oxygen tension (14) and/or catalyze chemical reactions, such as NO scavenging (15). Similarly, the creatine kinase system may either buffer cellular ATP levels or facilitate ATP diffusion inside myocytes (16). Wu and Beard (17) described that myoglobin has little impact on cardiac energetics, while the creatinine kinase (CK) system is important for the beating heart to maintain stable energetic state over a range of cardiac work rate and the CK system stabilizes D-GATPase by both buffering ATP and ADP concentrations and enhancing the feedback signal of inorganic phosphate in regulating mitochondrial oxidative phosphorylation. Hendgen-Cotta et al (18) reported that the heme globins such as myoglobin, hemoglobin, neuroglobin, and cytoglobin, subserve a critical function as nitrite reductases that regulate hypoxic NO• signaling in hypoxic myocardium.
Several kinds of toxic gasses such as HCN and NOx were produced in house fires (19). Both of HCN and CO combines hemoglobin, myoglobin and cytochrome-c oxidase, and bring out the decreasing of oxygen supply in the peripheral tissue and reduction of ATP producing in the mitochondria of the cardiac cells. In the hypothermic status the decreasing oxygen supply and reduction of producing ATP was also expected. The mechanism of reduction of ATP and hypoxic signaling（20）in the cardiac tissues are similar to the situation of hypothermic death, the difference was presumed in the affecting time between the agony times in hypothermia and CO poisoning.
A large amount of CB existing in the myocardium obtained from victims from house fire and suicidal burning cases might be result of heating damage on the heart tissue, since Turek et al (21) described that microwave energy caused acute coagulation necrosis with hypereosinophilic myocytes with both nuclear loss and pyknosis and severe contraction bands. The CB detected in victims with thermal damage is presumed to show some difference characteristics, since the CB were stained into purplish orange, and the CB from high level of COHb showed clear orange color. 

Conclusion 
Hypoxic pathological changes such as cells with eosinphilic or orange color, CM and CB, were detected even in carbon monoxide poisoning cases just like those in hypothermic deaths, however closed cell adherence that presumed specific finding in hypothermic death was not observed. Forensic pathologists should examine many part of the heart, especially longitudinal tissue section of intraventricular septum. 
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