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Appendix 1.  Hypoxia Experiments.


"At the beginning of WW2 German Luftwaffe ordered to stop all aeromedical research concerning altitudes of 7,300 m and higher, although various aviation medical research experiments had already penetrated to altitudes of up to 15,000 m. Pilots were forbidden to fly in altitudes greater than 7,300 m. A year later, after the 'Battle of Britain', the same Air Force facilities requested information on the medical impact of flights over 10,000 m. Fortunately, the research work at the time had not been terminated, so partial recommendations could be given immediately."
H. Strughold, In: Harsch, 2004: 75.


Altitude research was performed at several research facilities in Germany in the early part of World War II contemporaneously. Strughold’s assistant, Dr. H.G. Clamann reported in 1939 concerning rapid decompression experiments up to an altitude of 15,000 m (Fig. 1). Results were comparable to that of the Rechlin research group, who had reached the same altitude even two years earlier (Clamann, 1939; Benzinger, 1946; Harsch, 2007: 907).
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Fig.1:
Rapide decompression on men from 3,000 m up to 15,000 m (pulse and respiratory rate). (Drucksturzversuche am Menschen). Clamann, 1939.


One year prior to the SS Dachau altitude experiments a paper was published by Gauer, Opitz, Palm and Strughold at the Berlin Aeromedical Research Institute (AMRI) on the topic of "parachute jump and reserve time at high altitudes" (Fallschirmabsprung und Zeitreserve in grossen Hoehen). The conclusion was that on exiting a plane at high altitude, the parachute should not be opened immediately: The airmen should maintain in freefall until it they reach safer altitudes (Gauer et al., 1941). 

The research group of the DVL in Berlin (Romberg, head: Ruff) reported at the same time concerning their altitude chamber research up to 12,000 m altitude. It was also confirmed that the immediate pull of the trigger mechanism after the jump would cause severe altitude sickness and possibly even death. Romberg recommended therefore to open the parachute only after a free fall to a safe altitude (Romberg, 1941).

At the Rechlin Research Institute (head: Theodor Benzinger) decompression tests were performed at an even greater altitude than in Berlin. Some 400 rapid and explosive decompressions up to 19,000 m were carried out with a pressure difference of up to 60,000 m / sec. (Fig. 2) (1) (Harsch, 2007: 907). 
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Fig. 2:
Altitude exposure in seconds on humans up to 17,000 m.  

Private archive T. Benzinger. Harsch, 2007 (unpublished material).
Besides a rapid decompression due to technical or infrastructural failure of the airframe the safe use of an ejection seat at high speed and altitude also had to be considered. The last situation resulted in the historian, Dr. Karl Roth, concluding that the Dachau human experiments were needed to solve this “rescue problem” (Roth, 201: 116-8, 135). However, the Rechlin pressure “space” suite was not operational in Germany during the war years and Heinkel Corporation ejection-seats were primarily introduced in a limited number of high performance, but not high altitude planes (1a) (Harsch, 2000: 448 and 855). 
 
Roth´s thesis of the absolute necessaty of the Dachau altitude experiments to solve Luftwaffe´s unresolved questions must be contradicted: Hermann Becker-Freyseng from Luftwaffes medical office (RLM L.In14) published in 1942 an analysis of 150 cases of altitude sickness reported in airman medical field reports from October 1940 to December 1941. The severity ranged from mild symptoms of air sickness to death. This numbers have been likely only the tip of the iceberg. Dr. Romberg of the DVL already published before about the altitude sickness based on 34 cases (30 of them resulting in death) in the years 1937-9. Most data altitude sickness cases were came in the middle heights from 5,000 up to 7,000 m, in the most commonly flown altitude this time. See Becker-Freyseng 1942: 5-9 and (1b). 
            Becker-Freyseng pointed out, that with rising altitude the time reserve decreased and therefore the mortality rate increased (Becker-Freyseng, 1942: 10). However, it seemed to be dangerous as well, to dive in hypoxic conditions to fast, as the accelerations occurred on interception of the nosedive was endangering the airsick to knock out (G-LOC) (Becker-Freyseng, 1942: 25).
            The explosive decompression tests in Berlin and Rechlin were sufficient, to realise that without an ejection-seat and a pressure suit only the free-fall if practicable or a nosedive were practical and acclimatization of advantage for the time-reserve. Strughold (1950: 7) summerized regarding the questions with the appearance of jet- and rocket planes with no pressure cabins climbing up to 12-15,000 m: „With the appearance of new means of propulsion in 1942, however, systematic tests were carried out for this purpose, which are described as ´Blitz-ascents´(Blitzaufstiege). … The Hs 163 could reach an altitude of 15.700 m. (51,500 ft.) within 3 minutes. This altitude , when the pilot is breathing oxygen, corresponds physiologically to about 8.500 m. (27.900 ft.) when breathing air. This presented no new problem because in 1942 Luft, in particular, had investigated the physiologically equivalent altitude, i.e., air breathing in lower altitudes as compared to oxygen breathing above 12,000 m. (39,400 ft.), the only new factor was the rapid climb.” 
 

As mentioned above (Gauer et al., 1941), additional altitude experiments seemed not to be necessary from the Luftwaffe´s perspective. However the DVL Berlin did get involved by passive permission of the Luftwaffe. Why and who made this possible, still remains unclear. The record of the Dachau hypoxia experiments was as followed: SS-Untersturmfuehrer Dr. Sigmund Rascher (1909-1945), an M.D. and Nazi-member, attended an aeromedical course headed by Heinz Kottenhoff as a Luftwaffe reservist at Luftgau VII (Munich) in May 1941. He suggested utilizing inmates of Dachau concentration camps for further aeromedical experiments (Mitscherlich and Mielke, 1989; Doerner et al., 2000; Roth, 2001: 119). Although the pressing questions concerning altitude rescue seemed to have already been resolved, in 1942 hypoxia experiments were performed on inmates at the Dachau concentration camp with the knowledge of the Luftwaffe´s Medical Corps Office. Himmler (SS) approved the experiments at Rascher´s request and Hippke (Luftwaffe) agreed to cooperate in case there was an operational need for them (Harsch, 2004: 107-8, 110-1) (2).

Dr. Weltz, Director of the Institute for Aviation Medicine in Munich, visited Dr. Ruff, the director of the civil DVL Institute of Aviation Medicine in Berlin in early 1942 to find out the status of the ongoing research on altitude rescue issues. There was a lack of volunteer test-subjects, therefore, they agreed to perform additional tests on “volunteering prisoners” utilizing a Berlin stationed mobile altitude chamber (Kudlien, 1985: 182-3). 


After the chamber was transferred south to Bavaria, the hypoxia experiments were conducted using it by Dr. Rascher (Luftwaffe´s reserve switching to the SS) and Dr. Hans Wolfgang Romberg of the civil Department for Aviation Medicine in the German Experimental Institute for Aviation (DVL) in Berlin-Adlershof.  Dr. Weltz and Dr. Ruff were their respective superiors in charge (Benz, 1988; Harsch, 2004).

Why and by whom the experiments by Romberg and Rascher were accepted by the Luftwaffe remains unknown. At the Nuremberg medical trials it was testified that two different series of experiments at Dachau concentration camp were to be distinguished: first the official one under Ruff's supervision (Working Group Romberg/Rascher). This was – to follow the Nuremburg defense’s  presentation - grew out of the Luftwaffe´s practical needs to rescue aircrews that were unprotected and exposed to high altitudes. Another series of experiments, where deaths occured, were under Rascher’s responsibility (3).

When Ruff heard about the casualties, he forced the termination of the experiments (4): "When I heard that Rascher carried out additional experiments under his own responsibility and with his own objectives, at which three deaths had already occurred, I requested the Luftwaffe´s Surgeon General to re-deployment of the mobile altitude chamber, as it was subordinated to the Luftwaffe Medical Corps. This was done immediately after I reported it."

Rascher tried to get the Luftwaffe mobile altitude chamber back for further experiments. The SS intervened at Milch´s Luftwaffe office but was unsuccessful (5). Hippke criticized the scientific value of the Dachau altitude tests shortly after by stating, that cold effects were not taken into account in these experiments and should therefore be continued at AMRI, a cautious distancing from Dachau (6). Also the research groups from Munich and Rechlin dissociated from the Dachau experiments (7).
Alpha


The Dachau experiments were first kept secret, but later a private screening of a film to selected individuals at the Air Ministry (including Dr. Benzinger) was conducted (Harsch, 2004: 163-164). Dr. Benzinger worked at the Rechlin Test Center, 130 km northwest of Berlin. His superiors were with the Air Material Command, and he was not a part of Dr. Strughold’s staff in Berlin (Benzinger, 1946; Harsch, 2007) (7). 

Rascher and his wife were both executed under Himmler’s order just before the end of war (Benz, 1988: 192, 213-214). Drs. Ruff, Romberg, and Weltz were arrested and prosecuted at Nuremburg. All three were acquitted due to the lack of any direct evidence of participation with Dr. Rascher’s  private experiments (Mitscherlich and Mielke, 1989: 50). Dr. Benzinger was arrested and interrogated, but not prosecuted (Harsch, 2004: 35, Harsch, 2007).

In an historical commentary, Dr. Karl Roth (2001, ref. 48 and 63) describes a document stating that the Dachau hypoxia experiments were discussed by Ruff and Romberg at the Scientific Meeting of the Members of the German Academy for Aviation Research (Deutsche Akademie der Luftfahrtforschung) (Roth, 2001: 131-2). Strughold was an Academy member and it is possible that he was present. There is no evidence of this (8). Due to his co-authorship with Dr. Ruff on the two editions of the Outlines of Aviation Medicine (Grundriss der Luftfahrtmedizin) in 1939 and 1944 it is also likely that he was informed about Ruff’s participation in the Dachau experiments. However, it is possible that he was not informed due to the secrecy of the project. In the 1944 textbook additional information on parachute rescue jumps was discussed, but no Dachau experience was mentioned (9). Strughold cooperated in some research projects with Ruff before the war. In 1938 he recommended the adoption of Ruff’s Habilitation thesis to become a university professor. Ruff however, never became a professor in Berlin. Strughold and Rein believed that this was due to his political abstinence. See Harsch, 2004: 112 (A19-4: 4) and 108 (A12-2). There was some rivalry between the two institutes (AMRI and Berlin DVL) and Ruff possibly expected some advantages from his Dachau research program.  The biologist Hansjochem Autrum stated that Strughold refused to use concentration camp inmates for his experiments (Autrum, 1996: 80-1): “We were iinterrogated by the US specialists about our publications during the war Heidelberg in June or July of 1945 (Dr. Denzer and me, involved in our experiments). On this occasion Strughold told us this background. ... In (1942) a meeting was held in the main office of the SS, at which Strughold had to attend. Here he was asked whether he wanted to make these experiments in vacuum chambers on concentration camp inmates. Strughold rejected this: Animal experiments are much more meaningful, as psychological factors do not influence them. We did not hear of this macabre and horrific background before." 

Strughold cited von Helmholtz in a 1942 article "that only the values ​​derived on the ground of exact scientific knowledge allows the control of the forces of nature" (Harsch, 2004).
REMARKS:
1 - In a memorandum of 23rd October 1941 by the superior institutions a ban on ED experiments on humans was ordered. 

(1a) Strughold, 1950: 22 “It seems certain that valuable data for the construction of devices, which would make the bail-out possible and safe, could be obtained by close collaboration of engineer, flier, and physician.”

(1b) Allied bombers flew operationally up to 12.000 m. (Boeing B-17 “Flying Fortress”). British fighter planes as the Hawker Hurricane and the Supermarine Spitfire flew up to 10.500 m. and the US-fighters Republic P-47 Thunderbolt and North American P-51 D Mustang up to 12.800 m. Oral history V. Harsch, Duxford Flying Legends, July 2012. It remains questionable, that rescue from very high altitudes up to 20.000 m, as studied in Dachau, was an urgent aeromedical problem in 1941. 
2 – Dr. S. Rascher was a Luftwaffe reservist and an SS member. He refused to forward information concerning his hypoxia experiments to his 1942 military superior, Luftwaffe´s Major Dr. Welz. Rascher explained it was his obligation for secrecy to Himmler. 

3 - The final report of Ruff, Romberg and Rascher that was finished on 28th July 1942 stated that no deaths occurred (Doc. No. 402). The repeated participation of 10 to 15 "exposed subjects" took place on a "voluntary basis". See Kanovitch, 1997. In Rascher's secret report to Himmler from 11th May 1942 on the other hand is stated, that in his so called terminal experiments several deaths occurred. See Mitscherlich and Mielke, 1989: Doc. No. 220. Ruff stated later: "Following a series of tests experiments have been performed on prisoners. In these experiments, insofar as they have been with my responsibility, there have been no deaths and no permanent damage to the prisoners. (...) Those persons who were required to carry out our series of experiments, volunteered. They have been considered to be criminal prisoners and not those which were in custody due to persecution on political or racial reasons. These detainees had been promised to receive privileges for participating in the experiments. (...) For the success of our experiments it was largely even required, that the subjects volunteered as it was necessary, that they participated in a particular form. See Harsch, 2004: 107 (A9-10). Prior to the conclusion of the official test series Rascher initiated additional Luftwaffe unauthorized deathly experiments. They took place not under Luftwaffe´s responsibility and therefore Romberg, Ruff and Weltz were not charged by the American Military Tribunal in August 1947. 

4 – See Harsch, 2004: 107(A9-8) and Doc.No. 269 in Harsch, 2004: 110 arsch(A16-8). 

5 – See Harsch, 2004: 163. SS Obergruppenfuehrer Wolff commented in a letter to Field Marshal Milch on this experiments and the lack of support by Luftwaffe doctors: "The problems are still the same. The medical circles of the Luftwaffe keep the position, that a young German pilot has to risk his life, on the other hand the life of a criminal - who is not drafted into the military – is too holy for this and they don´t want to make their hands dirty. Furthermore they take the test results of the scientist who made them and ignore him. The Reichsfuehrer-SS has looked at the trials and has – that I can say without exaggeration - at every stage of this research he participated by helping and stimulating. He does not want that you and he worry about this development. He believes that it will take at least another decade, until such narrow-mindedness is brought out of our people. Meanwhile the necessary research to support our young and impeccable soldiers and airmen should not suffer." However, Prof. Hippke denied later, that he was informed about casualties in Dachau. See Kogon, 1995: 200 ref. 25. An Luftwaffe´s memorandum confirms it´s critical posture towards Rascher: "They were not only glad to get rid of him, because Rascher was regarded of being a 'troublemaker' and they wanted to have nothing to do with the experiments which he had been carried out under the protection of Himmler, but also under the formal responsibility of the Luftwaffe." See Benz, 1988: 196.
6 - Hypothermia and altitude themes were discussed at the Meeting on Mountain Physiological Problems (Besprechung über gebirgsphysiologische Fragen). The Meeting was held in fall of 1943 at the Mountain Medical School in St. Johann (Tyrol). Leading aviation medical specialists participated. Luft lectured on altitude adaptation, Opitz on gas exchange in high altitudes, Schwiegk on oxygen deficiency effects on the heart (all from Berlin). 
7 - Beside Theodor Benzinger other doctors attended the presentation: William Bruhl, Heinz Kalk, Paul Wuerfler, but not Strughold. A discussion about the film document did not happen. Also it was not mentioned, where the tests took place. See Benz, 1988. 

8 - In 1947 Strughold explained, why he chose S. Ruff in 1938 as co-editor of the "Outline of Aerospace Medicine": The main reason was due to his scientific achievements in the field of aviation medicine combined with practical knowledge as a flight captain. As well he valued his political distance to the Nazi regime. See Harsch, 2004: 112 (A19-4). The first edition was published in 1939, the second in 1944. The third edition was newly edited and expanded solely by Ruff. In a letter to the U.S. Surgeon General Harry G. Armstrong from 1954 Strughold stated, that it would not be in his mind to appear again in the literature with Ruff (Harsch, 2004).
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