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Abstract

Background: The purpose of this study was to get information on how potassium rises in blood plasma after cardiac arrest at low core temperature versus after cardiac arrest at a normal core temperature. Potassium can be used as a marker of cell autolysis and therefore a measure of how far the body is in the dying process. An accidental hypothermic victim may appear dead but normally accepted signs of dead such as rigor or lividity are unreliable. But when plasma potassium raises above10 mmol/l it has never been possible to resuscitate an apparently dead hypothermic person. Even though we know that survival is impossible with higher levels of potassium, a lower level is not a guarantee for survival even with our best guidelines for treatment but little is known about the time for potassium to rise to this level in the cold versus in the warm person.
Methods: Five anesthetized pigs were attached to extracorporeal circulation (ECC) using percutaneous access to the femoral vessels and cooled to 20 oC. The ECC was interrupted and the tracheal tube was blocked where after the pigs developed circulatory arrest. After cardiac arrest we took blood samples from an arterial sheat every 15 minutes. This was possible because the pigs were treated with heparin and because the pigs had external cardiac compressions using a LUCAS device in 30 seconds just before blood samples were taken the. In this way the lifeless pigs had blood pressure enough to supply us with arterial blood from the body core. Another 5 pigs served as a control group. They were treated the same way except with ECC and cooling, but were killed from anoxia at normothermia. The primary blood tests were examined for potassium. Every 30 minutes we took extra secondary blood samples for other parameters.

Results: In the group with hypothermia before circulatory arrest plasma potassium concentration rose to 10 mmol/l in 14 quarters of an hour, but in the group with circulatory arrest at normothermia it took only 3 quarters of an hour.

Conclusions: If these animal results can be transferred to humans we can conclude that when a person is found cold, apparently dead and having relative low plasma potassium the person must have had cardiac arrest after being cooled down. If a normothermic person is found with cardiac arrest and plasma potassium is low, you can conclude that the cardiac couldn’t have lasted for more than one hour.
1.0 Introduction

1.1 A story from real “life”

In the middle of October 2 girls walking at the beach saw a lifeless person in the water about 30 meters from the beach. The water temperature was 11-12 oC. They contacted an adult man who made an alarm call (112 in Denmark) to the Police. He notified a body washed ashore. Nobody made any thoughts of the possibility of a living person. The Police ordered divers and a hearse to bring the body to the mortuary in the hospital with the intension to make a forensic autopsy the next day. When the body was brought to the hospital the medico-legal expert wanted to know who had declared the person for dead. Obviously nobody examined the person and declared him for dead.

Two hours after the body was salvaged an attempt to resuscitate was initiated in the hospital.

His body temperature was 24 oC, arterial plasma potassium was 8 mmol/l, but there were no signs of life. An attempt was done to use a heart-lung-machine to obtain circulation and to warm him. But at that time the blood was coagulated and he could not be rescued.

It became evident that it was not only an accident with a person fallen over board with drowning afterwards. The person had lesions suggesting serious violence before dying. We found out that he was a 22 years old foreigner. Apparently he had been punished for something and afterwards thrown into the water from as ship. 

For us some theoretical problems arose. 

1) What had his chance for survival had been if resuscitation had been started immediately?

2) Was he alive when falling into the water?

3) Can plasma-potassium indicate if cardiac arrest was after hypothermia, or if it is a dead that became cold afterwards?

We decided to make an animal trial to with the purpose to increase our knowledge about especially plasma potassium in the period after cardiac arrest in the hypothermic and in the normothermic.

1.2 Knowledge about cardiac arrest and hypothermia

Cardiac arrest and accidental deep hypothermia can be a challenge to treat. Resuscitation to spontaneous circulation using extracorporeal life support may be possible if no irreversible damages have occurred to the body. It is difficult to rely on the normal accepted signs of death in the hypothermic person. Cool induced symptoms may be mistaken for rigor mortis and post mortem lividity, and even asystole may be a fake (1). Of course the body can have been lying for so long time, that obvious rottenness has occurred, or there can be lesions not compatible with life. However raise in plasma potassium concentration to above 10 mmol/l indicates cellular damages so extreme, that resuscitation is impossible in the lifeless hypothermic victim(2-4). 

Mair et al. hypothesised that this was due to the sequence of cardiac arrest and development of hypothermia (5). If cardiac arrest occurs before hypothermia is established, hyperkalemia develops quickly due to cellular autolysis, whereas if cardiac arrest follows hypothermia, the hypothermia is tissue-protective and cellular autolysis and elevation of p-potassium are mitigated.  Except in avalanche victims, where cardiac arrest commonly is caused by early suffocation, a primary cardiac arrest is usually caused by underlying cardiac or cerebral conditions. These underlying conditions per se will further reduce the survival chance for hypothermic patients with primary cardiac arrest.  Thus, it is of important clinical interest to know the sequence of the cardiac arrest and the development of hypothermia. From a forensic point of view it may promote investigation of cause of death and time since death in victims found under unusual conditions in cold environment (6;7).

This study was aimed to test the hypothesis put forward by Mair et al., i.e., that p- potassium can indicate the sequence of cardiac arrest and hypothermia, by investigating the evolution of plasma potassium in 10 pigs in which cardiac arrest was induced after cooling to 20○ C by extracorporeal circulation (ECC) or at 36-38 ○ C by suffocation in anaesthesia and then cooled by ice-packs. 

The advantage of using ECC to cool the animals was the possibility of controlling the temperature before circulatory arrest, and even to keep circulation long enough to ensure total body cooling to 20 oC in both circulating blood and in the bladder, which is not always the case in active body cooling in the operating room (8).

2.0 Material and methods

The study was approved by the Danish Supervisory Committee for Animal Experiments. The experiments were carried out on ten female Danish Landrace pigs (~40 kg). Five animals were in the hypothermia group whereas five animals served as controls.

The animals were premedicated with 200 mg azaperon IM and 25 mg midazolam IM one hour before anesthesia. Anesthesia was induced with ketamine 2 mg/kg IV, midazolam 0, 5 mg/kg IV and fentanyl 2μg/kg IV and maintained with continuous IV infusion of fentanyl 25 μg/kg/hour and midazolam 3 mg/kg /hour. After cooling the anesthesia drugs were reduced gradually. In case of shivering, 4mg pancuronium was given IV. The trachea was intubated with a cuffed 6 mm ID tube the lungs were mechanically ventilated by a S/5 Avance Carestation ventilator ( GE Healthcare, Chalton St. Giles, UK) with tidal volumes 8 ml/kg and  positive end-expiratory pressure 5 cm H2O. Rate and tidal volume were continuously adjusted (in the hypothermia group) to keep PaCO2 4.5 -5.5 kPa. Fraction of inspired oxygen was set to 0.25, which was the lowest possible the anesthesia machine could deliver. A catheter was inserted in the right carotid artery for blood pressure monitoring and sampling of blood for analyses of plasma-potassium, pH, PaO2 and PaCO2 (ABL 700, Radiometer, Copenhagen, Denmark).  A central vein catheter was inserted via the right external jugular vein for fluid and drug infusions. 

A catheter with temperature gauge (Smiths Medical ASD Inc, Rockland, MA, USA) was inserted in the bladder for continuous temperature monitoring and measurement of diuresis. The pigs in both groups were treated with heparin enough to obtain an activated coagulation time of approximately 450 s. The room temperature was 23-26 oC. All pigs were packed with slush ice after circulatory arrest.
2.1 The group with hypothermia before circulatory arrest 

An extracorporeal circuit was established between a femoral vein and a femoral artery using percutaneous Seldinger technique. A 17 French catheter was inserted in the vein and a 15 French catheter (Medtronic Inc, Tolochenaz, Switzerland) in the artery.  The circuit contained a centrifugal pump (Jostra Rotaflow, Maquet Cardiopulmonary AG, Hirrlingen, Germany), and an oxygenator with a heat exchanger. The setup contained approximately 300 ml and it was primed with the animal’s own blood. 

The blood temperature was measured continuously during ECC. After start of ECC the blood was cooled to 20 oC and the skin was cooled externally with slush ice. When the bladder temperature reached 20 oC, the ECC was continued for further 30 min to ensure that the whole body was cooled before ECC was stopped.  The blood in the tubes was transfused back to the animal. The ventilation was discontinued and the tracheal tube was clamped to prevent accidental ventilation of the lungs. Circulatory arrest, as defined by a systolic blood pressure below 25 mmHg, occurred within few minutes after ECC was removed. After circulatory arrest the animal did not receive any infusions or drugs, but surface cooling with slush ice was continued throughout the experiment. The bladder temperature was monitored until end of the experiment. 

At the time of arrest arterial and venous blood samples were sampled and then every 15 min. In order to mirror the normal resuscitation procedure and to get a representative blood sample, external heart compressing and decompressing was performed for 30 sec before each blood sampling by the Lucas device (Jolife AB, Lund, Sweden). The tracheal tube remained clamped to avoid any resuscitation attempt of the animal. When both arterial and venous p-potassium exceeded 10 mmol/l the experiment was ended. P-potassium was analyzed every 15 minutes, while the secondary blood tests were analyzed every hour after circulatory arrest.

2.2 The group with normothermia before circulatory arrest followed by cooling

Following the instrumentation and ensuring normal PaCO2, the animal was killed by anoxia by stopping the ventilation and clamping the tracheal tube. Similar to the primary hypothermia group, circulatory arrest was defined a systolic blood pressure below 25 mm Hg. To mimic primary cardiac arrest followed by hypothermia the animal was cooled externally after circulatory arrest with slush ice. 

The blood sampling and further treatment were the same as described for the primary hypothermia group, except that the secondary blood tests were analyzed every 30 minutes after circulatory arrest.

For both groups the primary blood tests were p-potassium in central blood, but we used the possi​bility to make some secondary blood tests including pH, lactate, ALAT, myoglobin, creatinin, CK, phosphate, and D-dimer. 

2.3 Statistics

Non-parametric statistics with median values and 75% fractiles were used. The difference in time among the 2 groups to exceed a p-potassium of 10 mmol/l was tested with Mann-Whitney’s U-test. We used a time scale of one quarter of an hour, since the blood test intervals were one quarter.

3.0 Results

In the group with hypothermia before circulatory arrest the increase in arterial p-potassium was 1,9  (1,5-2,3) mmol/l/hour, median and 75% fractiles. 

In the group with normothermia before circulatory arrest the increase in arterial p-potassium was 5,5 (3,8-6,9) mmol/l/hour, median and 75% fractiles.  

In the central vein we found similar values, 1,8 (1,3-1,9) mmol/l/hour and  5,4 (2,9-8,6) respectively. 

The median time to exceed an arterial p-potassium of 10 mmol/l was 14 quarters in the hypothermic group and 4 quarters in the primary arrest group, p<0,05  (fig 1).

After circulatory arrest and the continuing cooling of the skin the bladder temperature dropped slightly in all animals. In the primary hypothermia group the temperature drop was 1,0 (0,6-2,0) degrees Celsius, median and 75% fractiles in the 14 quarters until p-potasssium concentration exceeded 10 mmol/l. In the primary cardiac arrest group the temperature drop was 0,6 (0,4-2,5) degrees Celsius, median and 75% fractiles in the 4 quarters until p-potassium concentration exceeded 10 mmol/l.

Figure 1
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The secondary blood tests were examined until plasma potassium concentration in the group exceeded 10 mmol/l. So in the primary hypothermic group the blood test were examined for 14 quarters and in the primary normothermic group the blood test were examined for only 4 quarters of an hour. The results appears from table 1.
Table 1

	
	Primary hypothermia 
	 
	 
	Primary normothermia

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	 
	Before circulatory arrest
	After 14 quarters *
	
	Before circulatory arrest
	After 4 quarters *

	 
	
	
	
	
	 

	Lactat
	  2,6 (2,1 - 3,7)
	12,1 (9,6 - 15,0)
	
	  2,5 (1,5 - 7,0)
	13,7 (13,5 - 14,5)

	pH
	7,41 (7,29 - 7,46)
	6,83 (6,66 - 6,98)
	
	7,49 (7,43 - 7,54)
	6,89 (6,66 - 6,94)

	ALAT
	43 (27 - 52)
	46 (29 - 52)
	
	41 (27 - 48)
	44 (39 - 56)

	Myoglobin
	20 (20 - 25)
	149 (82 - 227)
	
	20 (20 - 20)
	30 (20 - 49)

	Creatinin
	117 (96 - 126)
	154 (134 - 164)
	
	135 (102 - 143)
	152 (135 - 187)

	CK
	949 (916 - 1224)
	1495 (1354 - 2048)
	
	761 (641 - 827)
	873 (788 - 956)

	Phosphate
	2,07 (2,01 - 2,25)
	3,54 (2,88 - 3,74)
	
	2,13 (1,86 - 2,44)
	3,26 (2,88 - 3,86)

	D-dimer
	0,14 (0,10 - 0,35)
	0,27 (0,16 - 0,30)
	
	0,13 (0,11 - 0,46)
	0,33 (0,16 - 0,43)

	 
	
	
	
	
	 

	 
	
	
	
	
	 

	 
	All values are median with 75% fractiles
	
	
	
	 

	 
	* End of study
	 
	 
	 
	 


4.0 Discussion 

It seems as if p-potassium rises 2 – 3 times quicker after circulatory arrest at normothermia than at 20 degrees Celsius. As far as we know nobody did comparable tests at hypothermia.  Schallers article from 1990 indicated a raise in p-potassium of only 2 mmol/litre in one hour after death of normothermic patients in an ICU (3). It is not possible to see how the samples were taken, but our results with 5,5 mmol/l may be closer to the truth, because of the short intermittent mixing of blood in the body due to the heart compressions. Especially in the primary cardiac arrest group p-potassium did raise already in the anoxic period before cardiac arrest, and theoretically the raise may have been postponed if cardiac arrest had been induced instantly by an electric shock.

Changes in p-lactate and pH happened almost as fast as p-potassium, but there is not the same evidence for using these parameters as a death sign in the hypothermic. D-dimer remained relatively low as an indication of well heparinized animals despite circulatory arrest.

The study has more limitations. We used healthy pigs, but patients with primary cardiac arrest are seldom healthy. Some of the hypothermic victims are healthy before an accident, but many the hypothermic patients are with co-morbidities (9). Normally a hypothermic victim has been cooled from outside and will be with different temperatures in the body, which may make the clinical picture different from the animals in our study.

We did not attempt to rescue the animals, and even though our experience from earlier experiments showed this possible from even very low temperatures with asystole, the clinical value is doubtful (1). We know that p-potassium above 10 mmol/l makes resuscitation futile, but a value below this is not a guaranty for resuscitation. The period of hypothermic arrest may influence also. 

5.0 Conclusion

Low plasma potassium concentration in deep hypothermic subjects with cardiac arrest indicates that cardiac arrest is secondary to hypothermia
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