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Abstract

Objective—A maximal aerobic capacity below the 20t percentile is associated with an increased
risk of all-cause mortality.! Adult burn survivors have a lower aerobic capacity compared to non-
burned adults when evaluated 38+23 days post-injury.2 However, it is unknown if burn survivors
with well-healed skin grafts (i.e., multiple years post injury), also have low aerobic capacity. This
project tested the hypothesis that aerobic fitness, as measured by maximal aerobic capacity
(VO2max), is reduced in well-healed adult burn survivors when compared to normative values
from non-burned individuals.

Methods—Twenty-five burn survivors (36 + 12 years old; 13 females) with well-healed split
thickness grafts (median: 16 years post-injury, range: 1 to 51 years) covering at least 17% of their
body surface area (mean: 40+16%; range: 17 to 75%) performed a graded cycle ergometry
exercise test to volitional fatigue. Expired gases and minute ventilation were measured via a
metabolic cart for the determination of VO,max. Each subject’s VOymax Was compared with sex-
and age-matched normative values from population data published by the American College of
Sports Medicine (ACSM), the American Heart Association (AHA), and recent epidemiological
data.3
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Results—Subjects had a VOymax 0f 29.4 £ 10.1 ml O,/kg body mass/min (median: 27.5; range:
15.9 to 53.3). Using ACSM normative values, mean VO,max OF the subjects was in the lower 24t
percentile (median: 10t percentile). 88% of the subjects had a VO,max below AHA age-adjusted
normative values. Similarly 20 of the 25 subjects had a VOonqax in the lower 25% percentile of
recent epidemiological data.

Conclusions—Relative to non-grafted subjects, 80-88% of the evaluated skin graft subjects had
a very low aerobic capacity. Based upon these findings, adult burn survivors are disproportionally
unfit relative to the general U.S. population, and this puts them at an increased risk of all-cause
mortality.1
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skin graft; maximal oxygen uptake; burn recovery; rehabilitation

INTRODUCTION

Each year ~1.4 million people in the United States sustain burn injuries.* Due to medical
advances, survival rates of individuals with severe burns have dramatically increased. The
psychological and physical recovery process from severe burns is multifactorial and can take
months to years.®

Physical inactivity leads to poor cardiovascular fitness and poor fitness is highly correlated
with increased all-cause mortality.® Physical and psychological impairments, similar to
those associated with burn recovery, can lead to sustained periods of physical inactivity.’
Thus, an individual with burn injuries can suffer from a decrease in cardiovascular fitness
during their recovery. Relatively little is known about the cardiovascular fitness of adults
that previously sustained severe burn injuries. De Lateur et al.2 examined maximal aerobic
capacity (VOomax, the gold standard of cardiovascular fitness) in adults with 19 + 16 % of
their total body surface area (TBSA) burned 38 + 23 days (range 9-122 days) post-injury.
Although VOopmax Was low (21.7 £ 7.0 ml/kg/min) when compared to age-matched norms,
the relatively short time period between injury and testing makes it difficult to speculate on
the cause of poor cardiovascular fitness. Willis et al.8 observed reductions in VOymax in
adults 5.1 + 1.8 years post-injury, however the small sample size (n = 8) and limited range
of injury severity (i.e., only 1 subject had >40% TBSA grafted) limits the interpretation of
those findings. Given this paucity of data regarding cardiovascular fitness in adults with
well-healed skin grafts, the current study extends previous findings by examining adults ~15
years post injury (range: 1 to 51 years) with a wide range of % TBSA grafted (i.e., 17-75%
TBSA). We hypothesized that cardiovascular fitness, quantified by VOomax, is lower in
adults with well-healed burn injuries compared to age- and sex-matched normative
population values. Further, we hypothesize that the extent of the compromised
cardiovascular fitness is independent of years post-injury and % TBSA grafted.

METHODS

Twenty-five burn survivors (36 + 12 years old; 13 females) with well-healed split thickness
grafts covering at least 17% of their body surface area (mean: 40+£16%; range: 17 to 75%)
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participated in the study. Subjects must have been at least 1 year post-injury, while no upper
range post-injury was imposed resulting in a median post-injury of ~16 years with a range of
1 to 51 years. Subjects were excluded if they had cardiovascular, metabolic or neurological
diseases and thus subjects were generally healthy. The rule of Nine’s® was used to calculate
the area of skin covered by split-thickness grafts. While individuals with at least 15% of
their total body surface area (TBSA) covered with grafts were eligible for participation,
subject recruitment focused on inclusion of individuals across a wide range of TBSA
grafted. Subjects refrained from alcohol and exercise 24 h, food 4 h, and caffeine 12 h
before testing. Written informed consent was obtained from all subjects before participating
in this study. Study procedures and the informed consent were approved by the Institutional
Review Boards of the University of Texas Southwestern Medical Center and Texas Health
Presbyterian Hospital Dallas.

The gold standard for measuring aerobic capacity is a8 VOymax test.19 11 The employed
VOomax protocol consisted of cycling on an electronically-braked ergometer (Lode
Excalibur Sport, Lode B.V., Groningen, NL) with the power output starting at 25 or 50 W
and progressively increasing 25 W every 2 min until volitional fatigue. Oxygen uptake and
related gas exchange measures were obtained by open-circuit indirect calorimetry using a
PARVO Medics TrueOne 2400 Metabolic Measurement System (Parvo Medics, Inc., Salt
Lake City, UT) calibrated prior to use. Heart rate (HR) and rating of perceived exertion
(RPE) were measured at rest, every 2 min, and at the end of the VOymay test. HR was
measured from ECG and a Polar® Vantage XL heart rate monitor (Polar Electro, Inc.
Woodbury, NY, model 145900). RPE was measured by the Borg 15-point category scale
using standardized instructions.2 For some subjects (n = 13), a capillary finger-stick blood
sample was obtained three min after completion of the test for determination of blood lactate
concentration. Peak oxygen uptake was objectively identified based upon a heart rate within
10 bpm of age predicted maximum (220-age), an RPE score of 19-20, and/or a respiratory
exchange ratio of >1.0.11

Interpretation of Data

Data are presented as mean + SD. Subjects were grouped into one of three classifications
according to the % TBSA grafted: 17-35%, 40-55%, and >60%. Differences between groups
were analyzed with a one-way analysis of variance (ANOVA). Alpha was set at 0.05 and
Bonferroni post-hoc tests were conducted if a significant main effect occurred. The
relationship between VOymax and %TBSA and years since injury were examined using a
Pearson-Product Moment correlation.

The obtained VO,nax data were compared against three published normative datasets, each
of which is based upon observations from thousands of healthy and presumably non-burned
individuals. Using population normative data published by the American Heart
Association,10 each subject was classified as having a VO,max above or below their sex- and
age-matched norm. Similarly, each subject’s VOonax percentile was identified using age-
and sex-matched normative values published by the American College of Sports
Medicine.13 Lastly, the number of subjects in each quartile of fitness (i.e., low to high
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fitness) were identified using epidemiological data3 in which fitness, as quantified with a
VOsmax test, was correlated to cardiovascular risk factors.

RESULTS

Subject demographics are presented in Table 1. The median and range of % TBSA grafted
was 34% and 17-75%, respectively. The median time since the burn injury was 15.7 yrs.
Due to the study design, stratification of subjects into groups resulted in differences between
% TBSA grafted in each group (17-35%, 40-55%, and >60%; P < 0.001). There were no
differences between groups in length of time post-injury (P = 0.295), age (P = 0.488), height
(P = 0.437), or body mass (P = 0.277).

All subjects achieved a VOonax based upon values obtained at the end of the incremental
test to exhaustion (i.e., HRnax, RPE, RER, and blood lactate; Table 2). There were no
differences between groups in absolute VOymax (i-€., 0Xygen uptake in L/min; P = 0.885),
relative VOomax (0Xygen uptake in ml/kg body mass/min; P = 0.260), HRmax (P = 0.990),
RPE (P = 0.945), and RER (P = 0.393), while lactate approached significance (P = 0.052).

Table 3 shows VOomax responses of the evaluated subjects when compared to normative
datasets. When referenced against AHA normative data,10 88% of the subjects had a
VOsmax below the age/sex-matched normative values. When VOopax Of the subjects was
classified into population percentiles, based upon normative data from the American College
of Sports Medicine (ACSM),13 the median percentile for VOymax Was the lowest 10t
percentile (range 101-90t™ percentile; mean 24+25 percentile). Notably, 76% of the subjects
were in the lowest 20t percentile for VOymax When compared against this dataset.13 Similar
to those observations, using relatively recent epidemiological data,3 80% of the subjects had
a VOymax that was in the lowest quartile. VOomax Was not correlated with years since injury
(r=10.003; P =0.987; Figure 1) or % body surface area grafted (r = 0.190; P = 0.363; Figure
2).

DISCUSSION

The purpose of this study was to examine the aerobic capacity, as indexed from VOoax, Of
individuals with well-healed skin grafts (i.e., at least 1 year following the initial burn injury)
covering 17-75% of their total body surface area. Using American Heart Association
norms,19 we show that 88% of the evaluated subjects were below age- and sex-match
normative values. With respect to population norms published by the American College of
Sports Medicine,3 the VOynax from subjects in the current investigation averaged in the
~25% percentile, although the data were not normally distributed and thus a median of the
lowest 10™ percentile (range 10t-90t™ percentile) is more reflective of the evaluated
subjects. This is further supported by data from Aspenes et al,3 in which 80% of the
evaluated subjects fall in the lowest fitness quartile when compared to values from over
4,000 non-grafted individuals. Therefore, the primary finding of this study is that 80% or
more of the evaluated skin grafted individuals have an aerobic capacity that is
disproportionally lower than age-matched non-grafted individuals.
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Since the obtained values were compared to normative VO,max datasets from thousands of
individuals, it is important that a true maximum (or peak) oxygen uptake was achieved in
the evaluated subjects. To that end, there is strong evidence that these subjects obtained a
VOomax- FOr example, at test termination the subjects had heart rates at or near age-
predicated max, had RPE values of 19 or 20, had RER values >1.0, and the 13 subjects
assessed had lactate concentrations that were near or above 7 mmol/L (Table 2). Using these
standard thresholds for evidence that subjects achieved a true VOyax allows us to make
comparisons to the aforementioned normative datasets.1

The observed findings are consistent with prior findings suggesting that adults with skin
grafts have a low VOomax.2 8 We extend those findings in three distinct and important ways:
1) we examined individuals across a longer duration post-injury (i.e., 17.3 + 13.5 years),
relative to the duration post-injury by de Lateur et al. 2 (38 + 23 days) and Willis et al.8 (5.1
+ 1.8 years); 2) approximately half of the examined individuals had skin grafts covering
40% or more of their TBSA, in contrast to Willis et al.8 who examined only 1 subject with
greater than 40% TBSA burned; and 3) the overall number of subjects in the present
investigation (25 subjects) is appreciably greater than the 8 subjects evaluated by Willis et
al.,8 thereby allowing for correlative analyses between VO,max and demographic data.

The mechanism(s) by which burn survivors have such low aerobic capacities remains
unclear. Acute burn injury results in a catabolic state in which resting metabolic rate is
elevated for a period of time directly correlated to amount of TBSA burned.* In the most
severe cases (>75% TBSA burned), increased resting metabolic rate may persist for 1 year
or more.14 15 This acute hypermetabolic state can lead to substantial skeletal muscle loss.16
A lower skeletal muscle mass, relative to pre-burn injury, leads to a reduction in the amount
of aerobically active muscle mass. This will decrease maximal oxygen extraction across that
muscle, and according to the Fick equation [VOymax = Cardiac Outputyay * (arterial-venous
oxygen contentmax)], VOomax Will be reduced. Since the subjects in the present study were
at least 1 year post-injury, it is unknown if in the subsequent years after the injury these
subjects were able to rebuild the muscle loss that occurred during this hypermetabolic state.
Given a lack of correlation between VO,nax and duration since injury (Figure 1), and if
reduced muscle mass is contributing to reduced VOomax, these data suggest that restitution
of muscle mass was unlikely to occur despite many years post-injury. That said, we cannot
distinguish whether a sustained loss of muscle mass, if in fact that occurred in the observed
subjects, is due to an inability to increase muscle mass or simply a lack of physical training.

Decreased physical activity independently will reduce physical fitness (i.e. VOomax). 1
Every 1% TBSA burned results in approximately 1 day of hospitalization.18 The
cardiovascular detraining that occurs with bed rest alone can lead to a 15% reduction in
VOymax in as little as 10 days.1” Therefore, it is likely that hospitalization associated with a
burn injury causes an acute reduction in cardiovascular fitness secondary to bed rest
deconditioning. This is particularly evident in the low VOynax Values (21.7 £ 7.0 ml/kg/min)
reported by de Lateur et al. in subjects 37.4 + 23.3 days post-injury.2 Thus, upon leaving the
hospital, skin grafted individuals’ VOonax is profoundly reduced. If that level of aerobic
fitness is not returned to a pre-injured state, then the aerobic capacity of severely burned
individuals is “reset” downward. This event, along with well-known age-related decreases in
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aerobic fitness!® would result in skin graft patients having persistently low VOymax values
even decades post injury (Figure 1).

In the present dataset VO,max Was not correlated to the duration post injury (Figure 1) or the
percent of TBSA grafted (Figure 2). These observations suggest that the decrements in
aerobic capacity years following an injury are unrelated to the extent of the injury and
accompanying TBSA grafted or the period of time following the injury. Regarding the
former, greater TBSA burned results in longer hospitalization and recovery times,18 and thus
it would be reasonable to hypothesize a greater loss of aerobic fitness.1” On the contrary,
one could hypothesize that the longer the duration post-injury the more time one would have
to improve aerobic fitness following hospitalization, although this apparently is not the case
with the present dataset. It is possible that the lack of relationships between VOymax and
TBSA grafted, as well as years following the injury, is substantially influenced by level of
physical activity after full recovery. Similarly, fitness level prior to the injury may also play
arole in an individual’s ability to maintain or improve fitness during recovery.
Unfortunately, an assessment of the level of physical activity before the injury, and from the
time of recovery until we assessed the subject, was not obtained. Thus, we cannot identify if
in the present dataset the few subjects showing normal (and even elevated) VOomax Values
had a higher level of physical activity before their injury or since their injury, relative to
their lower fit counterparts. It is interesting to note that there were three subjects with
VOsmax Values in the 80-90™ percentiles of age- and sex-matched normative values. Based
upon this very small sample size, it is possible that subjects who are more physically active
prior to their injury (i.e., greater VOomax), and/or are more physically active after their
injury, have elevated VO,max Values relative to less active burned individuals. Prospective
research will be required to address those questions.

A key question is whether low aerobic fitness years following the injury is based upon
physiological mechanisms (i.e., an inability to improve VO,max for physiological reasons,
inclusive of the aforementioned muscle atrophy) and/or perhaps psychological barriers
associated with burn injury that lead to reduced desire to participate in physical activity. For
example, years following a burn injury, fatigue is an “almost universal complaint” as a
major barrier preventing such individuals from returning to work and performing activities
of daily living.20 59% of burned individuals report problems with fatigue an average of 17
years post-injury.2! Other perceived or real barriers to physical activity may include
impaired temperature regulation, hypertrophic scars and contractures that may limit range of
motion, hyperpigmentation, psychosocial barriers, decreased cutaneous sensation, and a
lower quality of life.”: 2228

Even if these barriers can be overcome, the exercise training response in burned adults is
relatively unknown. Grisbrook et al. showed similar improvements in VOomnax (compared to
non-burned subject) when previously burned adults participated in a 12-week aerobic/
resistance training program.29 However, these results should be viewed in the context of a
small sample size (n = 9), the absence of a difference in VO,max between groups at baseline,
and peak heart rates that are appreciably less than age-predicted maximums (pre-training
peak heart rates ~166 bpm for ~39 year olds). However in burned children (~10 years old),
there is growing evidence that 12 weeks of aerobic/resistance training significantly improves
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lean body mass, muscle strength, and VO,max compared to burned children that do not
undergo training.30 31 Future studies are warranted to investigate the extent to which a large
group of severely burned adults, across a wide range of TBSA, have the capacity to improve
aerobic fitness with exercise training.

By design, the present study did not include a non-burned control group from which VOyax
could be compared relative to the burned group. To eliminate selection bias we chose to use
normative data representative of large population sets (upwards to thousands of individuals
from three unique datasets), an approach that is routinely used in clinical exercise and
pulmonary function testing.32-38 Therefore the employed comparisons are more
representative of the non-burned population, relative to if we assessed 25 non-burned
individuals. Lastly, by making comparisons with several data sets (AHA, ACSM, etc.) we
show that the results are consistent independent of the epidemiological dataset used.

Regardless of the cause, a lower physical fitness compared to age-matched normative values
puts skin grafted individuals at an increased cardiovascular risk. Every 5 ml/kg/min
decrement in VO,max corresponds to a ~56% higher prevalence of a cardiovascular risk
factor,3 and a maximal aerobic capacity below the 201" percentile (of which 76% of the
investigated cohort resides) is associated with an increased risk of death from all causes.
Importantly, improving aerobic fitness decreases one’s risk of all-cause mortality,! with the
strongest reduction in death being from a cardiovascular event.® With the number of burn
survivors escalating due to improved medical treatment, it is important that future studies
investigate the barriers to physical activity and subsequent methods to improve physical
fitness, which in turn can improve mortality and morbidity in skin graft patients years
following the injury.

In conclusion, the present findings clearly show that a substantial percentage of skin graft
patients have a disproportionally low VOomnax many years after their injury relative to non-
burned individuals. The reasons for this lower aerobic fitness are unknown, although it may
be the result of reduced physical activity and perhaps associated physiological and/or
psychological barriers. Alternatively, comparable levels of physical activity in skin grafted
individuals may not result in the same improvements in cardiovascular fitness relative to
non-burned individuals. Regardless of the mechanism(s), the present data show that
individuals with well-healed skin grafts have lower cardiovascular fitness many years after
injury which will increase their risk of all cause mortality.
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Figure 1.
Maximal oxygen uptake (VO,max) Was not correlated to duration since injury (r = 0.003; P =

0.987).

J Burn Care Res. Author manuscript; available in PMC 2016 July 01.

60



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Ganio et al.

VO2max (Ml/kg/min)

60

50

40

30

20

10

Page 11

*
[ ]
[
- &
[
* i
[ ] . *
) -___’-_-*T-‘-— ¢
. ®
® # Py g
= L ® ¢
e »
T T T T T T 1

10 20 30 40 50 60 70 80
Body Surface Area Grafted (%)

Figure 2.
Maximal oxygen uptake (VOymax) Was not correlated to body surface area grafted (%) (r =

0.190; P = 0.363)

J Burn Care Res. Author manuscript; available in PMC 2016 July 01.



Page 12

Ganio et al.

(S0°0 > d) SUOIIBIILISSE|D UBBMIB] SBaUBIBHIP JURdIUBIS
M

ealy 89e)ns Apog [e101 'VSEl

0'9T 7408 ETTOT  CTFOE SETFE LT Z9T T 568 Aﬂmw ) $100[gns |2 10y ASFURBIN
zeT90L £ 7891 67 1¢ £8766 087 0’59 Amm_mme v) 9%409<
LITFSS8 ST ETFHE Z0TF6GT LvF 9y Amm_ew& e 9%55-0v
TITFST8 STTEIT  ETTEE 09T FTTZ 85T 212 @m_ﬁe 9 9%Ge-LT
(6>) ssen Apog  (wio) ybreH  (saA) 8By (saA) (Aunfur-isod Y1BusT  panelo vsdL % u uoIyeolyIsse|D payel vSdl %

soIs1ialoRIeyd Juedioned

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2016 July 01.



Page 13

Ganio et al.

"S9|qeLIeA 953U} JO AUk 10} SAN0IB USIMIBY SBIUBIALHIP OU BJaM I3y L

£T=N 848ym a1e108] 1d30xa S3|qeLIeA |[e 10} GZ=N

€CFT6 TTO+ETT T+61 T +08T TOT*v'6¢ 68'0F9€¢ s100[qns ||e 10} QSFUBDIN
9TFTTT LTOFTITT T¥6T 8F6.T L'ST¥9'GE 68'0F9€C %09<

60¥99 L00F60T T¥61 T+ 08T 9G¥ 6'S¢C 98'0+9¢'¢ %S5-0v
TC¥G6 TOFOTT T¥6T LT 08T T6¥6'8¢C L8'0FVEC %S€-0¢

(z-1-10ww) eyeroe]

NN (suun) 3dy  (wdg) **UyH (Ui BY-qw) oA (;_uiwr) *PUCOA  uoIzedlyIsse|D palelo VSaL %

Author Manuscript

uonsneyxa 0] 151 81q [LIUBWBIOUI 8Y) JO pus ay) 18 sanjeA

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2016 July 01.



Page 14

Ganio et al.

"€/PT-GOVT:EF:TTOZ "048X3 s0dS 195 PaJA “UsLU PUB UBWOM AU3[eay TE9Y Ul SI0108) YSLI Je[noseAoIp.ed pue axeidn usBAXo 3ead ‘2 18 ‘w3 Bnexs ‘|1 uss|IN ‘1S seuadsy :wolH -

'9002 ‘SUBIIM 72 Swer|IAn noouiddi relydjapeliyd "ps yiz ‘uondiasaid pue Buinsa] as191ax3 1oj SauljapIng s,auldIpa|p sLods 4o aba]j0D uedlsWY :Wwoi E

0v.T-¥69T:¥0T-100C

*UOITRINIIID “UOIRID0SSY LBaH UBJLIBWY 8Y) WOJ) S|euolssayoid a1eayesy oy Juswaress v :Buiures pue Bunsa) Jo) spiepuels asiolex3 ‘[e 18 ‘3 weplsiswy ‘09 Apejeg ‘49 1ayois|d :woi- o

€ 0 4 0c (w0T) ST F ¥2 (%e) € (%88) 22 s199[qns |[e Joj QSFULIN
4 0 0 € (@02) 2y F v (%0v) (%09) € %09<
0 0 0 L (pOT) GF¥T 0 (%00T) £ %S5O
T 0 14 ot (w01) T2 F 22 (%8) T (%z6) 21 %GE-0Z
%00T-S. %S.-0S5 %0S-S¢ %GZ—0 WJON 8A0QY  WJION Mmojag
XeUZ A 0 a)13aenb yoes ul N ,sauadsy se|nusotad (Uelpaw) AS F uesW gINSOV (dnoab 40 9%) N eVHY uoiedyIsse|D payeldo vsdal %

"S1aselep aAlewlou uonejndod aaayl 01 aAlR|al sanjeA XBUCO A 10 UOIRIILISSEID

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2016 July 01.



