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Abstract

Modern jet fighter aircraft are capable of achieving G acceleration profiles that subject
pilots to extremely high inertial forces in the hed-to-foot direction (+Gz). Severe physi-
cal stress is imposed by the environment of rapidaset, highly-sustained +Gz. Despite the
importance of monitoring pathophysiological alteratons related to +Gz exposure, there
have been only a few studies concerning the physiaatus of human centrifuge trainees.
To investigate alterations in serum biochemical andomplete blood count parameters oc-
curring in subjects exposed to high +Gz. Eighteerej fighter pilots were exposed to +9Gz
on a human centrifuge. Blood samples were obtaindgefore and immediately after the
centrifugation. Serum biochemical and hematologicahnalyses were performed. The total
protein level increased from a mean of 7.53£0.07di/ to 7.91+0.09 g/dL, a significant
5.0% (p<0.001) increase. The white blood cell, relllood cell and platelet counts also in-
creased from a mean of 6.72+0.23 kI, 5.06£0.06 kjiL and 230.00+12.98 KiL to
9.02+£0.50 kAL, 5.25+0.08 kiaL and 247.11+13.73 KIL, respectively; significant eleva-
tions of 34.2% (p<0.001), 3.8% (p<0.001) and 7.3%p£0.004), respectively. In addition,
hemoglobin (2.0%, p=0.036) and hematocrit (4.3%, @%001) increased significantly after
the centrifugation. We demonstrated that the serum levels of total prote and complete
blood count parameters are significantly elevated uting high +Gz exposure. Our data
raise the possibility that intense muscular exertio during anti-G straining maneuver
could be one of the causes of post-centrifuge henemcentration.
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Introduction blood flow, renal blood flow, endocrine reactionsda
cardiovascular reflexes [2-6].
Modern jet fighter aircraft are capable of achigvi@
acceleration profiles that subject pilots to exe®m Current efforts in aviation medicine to enhanceertol
high inertial forces in the head-to-foot directiGsGz). ance to +Gz have included human centrifuge training
With the advent of new, light-weight, high-thruggtfter  [7]. The performance of anti-G straining maneuver
aircraft, the physiology of the human operatorheat (AGSM) on the human centrifuge has proved effective
than the performance or structural limitationsta# &ir-  in enhancing +Gz tolerance [8, 9]. The human centri
frame, has become the determinant which defines thfage simulates +Gz akin to that encountered inralitc
acceleration limits of the man-machine system. &eve it helps pilots to learn the correct skills of pieing
physical stress is imposed by the environment pidra  AGSM under more realistic high +Gz environments and
onset, highly-sustained +Gz in which the aircrgfee  maintaining their situational awareness and perémee
ate [1]. Thus, it is of considerable importanceaszer-  skills [7]. However, exposure to high +Gz provokes
tain the occurrence of alterations related to +62oe  wide range of distinctive pathophysiological styeiss
sure. Numerous investigations of human responses tuding interruption in arterial blood flow to thwain,
+Gz have demonstrated many physiological alterafion elevation of heart rate and blood pressure thramh
including changes in cerebral blood flow, coronaryvation of the sympathetic nervous system, ventitati
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perfusion mismatch with reduction in lung complianc commercial reagent kits. Blood for biochemical gnal
and increase in the serum levels of epinephrinegpio  ses was allowed to clot at room temperature fomig
nephrine and cortisol [10, 11]. Furthermore, thaotes  and then centrifuged at 2000 rpm for 10 min to sxpa
potential harmful effects, including loss of comssn- the serum from the cells. A clinical chemistry auta-
ess, cardiac dysrhythmia, atelectasis, mechanisal v lyzer (Olympus AU 400; Olympus Corporation, Tokyo,
ceral injury and musculoskeletal symptoms, havenbeeJapan) was used to perform standard biochemical pro
documented during the centrifuge studies [6, 11-13] files on the serum samples, including amylaseatact
dehydrogenase (LDH), creatine phosphokinase (CPK),
Despite the importance of monitoring pathophysislog aspartate aminotransferase (AST), alanine amimn®tran
cal alterations related to +Gz exposure, there heen ferase (ALT),y-glutamyltransferasey{GGT), uric acid,
few studies concerning the pre- and post-run physic total protein, blood urea nitrogen (BUN), creat&in
status of centrifuge trainees and, particularlyestigat-  total bilirubin, direct bilirubin, calcium and inganic
ing the influence of +Gz exposure on serum biochemiphosphate. An automated hematology analyzer (Sysmex
cal and hematological parameters. The aim of tlee pr SE 9000; Sysmex Corporation, Kobe, Japan) was used
sent study was to investigate alterations in theirse to measure CBC parameters, including white blodd ce
biochemical and complete blood count (CBC) paramefWBC) count, red blood cell (RBC) count, hemoglobin
ters occurring in subjects exposed to high +Gzhan t (Hgb), hematocrit (Hct) and platelets. The subjedt®

human centrifuge. developed symptoms after the centrifugation or stbw
abnormal laboratory findings were re-examined by
Materials and Methods flight surgeons and, if necessary, additional meddic

evaluations were performed.
Subjects
Eighteen highly-trained, deeply-experienced jehtly  Statistical analysis
pilots (rank, first lieutenant or captain; mediayea29  The laboratory results are presented as the mahthan
years) were included in the present study. Befbee t standard error. A paired t-test was performed teree
centrifuge runs, all the subjects were examinedlit ~ mine whether there was a significant differencehia
surgeons; they were healthy without cardiovasculamean value of each parameter between the pre- and
problems, and none of them took medication. Theystu post-runs. Statistical analyses were performed gusin

protocol was approved in advance by the Institaion SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). Stati
Review Board at the Aerospace Medical Center, Repulga] significance was defined as a p value of las® t

lic of Korea Air Force. Each subject provided veitt (. (5.
informed consent before participating in the présen

study. Results

+Gz exposure on the human centrifuge

The centrifuge tests were carried out on the 6diusa ~ Table 1 shows the pre- and post-run values of serum
computer-controlled human centrifuge located in thdiochemical and CBC parameters. In all subjects, th
Aerospace Medical Training Center, Aerospace Médicare-run values of all 14 biochemical and 5 CBC pera
Center, Republic of Korea Air Force. The gondola ofters were within normal range. Six of 19 parameters
the centrifuge was equipped with two-way audio and including total protein, WBC count, RBC count, Hgb,
one-way video communication system. The back of thé&lct and platelet count, showed significant diffees
gondola seat was reclined 13° from vertical. Baseli between the pre- and post-run values. The totaejoro
+Gz (+1.4Gz) was attained in 5 s and was the immedlevel increased from a mean of 7.53+0.07 g/dL to
ate start point for all subsequent +Gz excursioitsinv ~ 7.91+0.09 g/dL, a significant 5.0% (p<0.001) inc@a

a profile. All subjects were exposed to a singlez#@- The WBC, RBC and platelet counts also increase fro

celeration with rapid onset of 1 G/s and peak fate a mean of 6.72+0.23 M/, 5.06+0.06 kiL and

+9Gz sustained for 30 s. 230.00+£12.98 Wil to 9.02+0.50 kiL, 5.25+0.08 kaiL
and 247.11+13.73 kL, respectively, significant 34.2%
Serum biochemical and hematological analyses (p<0.001), 3.8% (p<0.001) and 7.3% (p=0.004) eleva-

A pre-run sample of 20 mL of blood was drawn into ations. In addition, Hgb (2.0%, p=0.036) and HcBe,
collection tube 15 min before the centrifugationvey ~ p<0.001) increased significantly after the cengiftion.
nipuncture of the antecubital vein of the arm. Idme However, despite significant elevations, the past-r
ately after the centrifugation, an additional past- Values of these parameters did not exceed the lipper
sample was taken from the opposite arm. The seruihof the normal range. The serum enzymes, inclydin
biochemical and hematological analyses were carriedmylase, LDH, CPK, AST, ALT ang-GTP, were not
out in the Department of Pathology, Aerospace Madic significantly increased during +Gz exposure. Albsu
Center, Republic of Korea Air Force, using standardects reported no post-run cardiac symptoms such as
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discomfort, heaviness or pain in the chest andthiregg  no significant differences between pre- and post-ru
difficulties. Auscultation of the heart and lungvealed condition. No abnormality was visible on chexnt-

Table 1. Influence of + Gz exposure on serum biochemistry and CBC in jet fighter pilots

Parameter Pre-centrifuge level Post-centrifugel leve p value
Amylase (IU/L) 48.58+3.55 49.3243.40 0.711
LDH (IU/L) 144.63+4.69 150.84+6.03 0.105
CPK (IU/L) 168.26+22.50 171.05+22.02 0.797
AST (IU/L) 22.32+1.44 22.15+1.11 0.837
ALT (IU/L) 23.26+3.45 24.00£3.41 0.095
v-GTP (IU/L) 23.86+2.58 24.05+2.64 0.135
Uric acid (mg/dL) 5.78+0.30 5.81+0.27 0.211
Total protein (g/dL) 7.53+0.07 7.91+0.09 <0.001*
BUN (mg/dL) 13.16+0.58 13.73+0.59 0.271
Creatinine (mg/dL) 1.06+0.03 1.11+0.03 0.143
Total bilirubin (mg/dL) 1.00+0.08 0.931#0.11 0.373
Direct bilirubin (mg/dL) 0.21+0.02 0.19+0.02 0.259
Calcium (mg/dL) 9.44+0.07 9.55+0.06 0.094
Phosphate (mg/dL) 3.42+0.12 3.4840.11 0.114
WBC count (kiL) 6.72+0.23 9.02+0.50 <0.001*
RBC count (kaL) 5.06+0.06 5.25+0.08 <0.001*
Hgb (g/dL) 16.13+0.19 16.45+0.22 0.036*
Hct (%) 46.09+0.48 48.0840.53 <0.001*
Platelet count (kL) 230.00+12.98 247.11+13.73 0.004*

*Satistically significant.

genography, and no evidence of dysrhythmia was dexnd CBC parameters after +Gz exposure. This finiding
tected on electrocardiography. consistent with previous data showing +Gz-induced
hemoconcentration [3, 14-16]. Greenleaf et al. olesk

a significant increase in Hct, along with a decee#s
plasma volume, after centrifugation [16]. Similatfan
Beaumont et al. revealed that +Gz-induced elevation
total protein level, albumin level and Hct accormipdn
plasma volume loss [14]. Taken together, we assume
that intense muscular exertion during AGSM could be
one of the causes of hemoconcentration. Heavy muscu
lar straining was required in the present studysfac-
olgssful performance of the tracking task and mainte
nance of consciousness by the subjects at high +Gz;
they were encouraged to perform AGSM, which re-
quires isometric contraction of the muscles inahdo-
men and lower extremities. Hemoconcentration caused

Discussion

Every national military aviation organization hasyes-
tem of monitoring the health status of pilots. Tehegs-
tems rely on periodical medical examinations ineort
maintain good health in aircrew members. They en
deavor to detect clinical disease and subclinicalde
tions as early as possible; they are used as itoalsk
assessment and management. Routine blood testing
affordable, convenient and informative. Most phigsis
are familiar with the notion that routine serum -bio
chemical and hematological testing may identifyusas
pected subtherapeutic or toxic drug levels, sulwain X ) ) )
biochemical conditions or hematological deteri@nati by physm_:al exercise can be qttrlbuted_to threa_gml
The Republic of Korea Air Force pilots are examinedF'rStly’ with the onset of exercise there is anaaitim-

medically by flight surgeons on a yearly basis, drel/ ??g'ate lOSSI of plasn;ab;‘rorg the blood to the |n1te?.[ts
have undergone periodical routine blood testing. fiuid Space. increased blood Pressure Causes aFase
in vascular permeability and hydrostatic pressoréhe

capillaries, thus forcing plasma from vasculatwent
terstitial compartments. Secondly, as metabolictevas
products rise in the active muscles, intramuscokar
motic pressure increases which draws fluid outhef t
capillaries to the muscles. Thirdly, sympathetic-
mediated splenic contraction induces hemoconcentra-
tion [17, 18]. Splenic contraction is observed andi-
tions of increased sympathetic activity, such ssr@ze

The general effects of +Gz stress have been thectub
of many investigations reported in the literatunew-
ever, little information is available on the altgwas in
blood constituents occurring in aircrews exposekidgh
+Gz. In the present study, the levels of serumt®ag-
cal and hematological parameters were analyzeeétin j
fighter pilots exposed to high +Gz on the centrifud/e
demonstrated significant increases in total prokeiel
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and physical restraint [19, 20]. In addition, thedd 3.
cell content of the spleen alters depending onpties-
sure in the splenic veins or the intra-abdominakpure.
Intense muscular straining and increase in intra4.
abdominal pressure, both of which are essentidhé¢o
performance of AGSM, might involve, partly at least 5
elevation of CBC parameters.

The results of the present study need to be camrside
the light of their limitations. Firstly, the subjscwere
screened to be otherwise young and healthy. Thesefo
they may not be representative of all aircrews. dée-
eralizability of our data to medically compromissab-
jects remains unknown. Secondly, no untreated ebntr
group of pilots was available for comparison pugsos

to better understand the current alterations otiesal g
Thirdly, in our institution, the human centrifugaihing
program includes an elementary course (+6Gz) for
flight-naive, beginning pilots and a supplementary
course (+7.3Gz and +9Gz) for experienced pilots- Fu 9.
ther investigations regarding large numbers of extbj
exposed to a variable range of +Gz are necessapnto

6.

firm our results. Fourth, the indicators of hemomam  10.

tration were found to be statistically significantle-
vated from baseline, but were not outside the rasfge
normal. We did not follow up the subjects to findt o
how long the rise persists and to investigate wdrethe
parameters are further elevated after a certaiogerf
time. We are currently exploring the time coursénef
moconcentration effect after high +Gz exposure.

In conclusion, we demonstrated that the serum devkl
total protein and CBC parameters are significaatly
tered during high +Gz exposure. Our data raisgptse

sibility that heavy muscular exertion during AGSM 13

could be one of the causes of hemoconcentration.
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