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Circulating Blood Volume in Burn Resuscitation 
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ABSTRACT 
Circulating blood volume (CBV) was prospectively measured in patients with almost solely 

smoke inhalation injury (Group I: 10 patients) and in patients with severe cutaneous burn 
(Group B: 6 patients) consecutively until 96 hours after injury, to assess the effect of either 
injury on intravascular volume status by the pulse dye-densitometry method. All participants 
were treated by an ordinary fluid regimen based on the Parkland formula with an hourly urine 
output of 1.0 to 2.0 ml/kg for the resuscitation endpoint. CBV was also measured in 15 elective 
surgical patients for a control value (76. 7 ± 9.0 ml/kg). The level of CBV values in Group I was 
low, ranging from 54.4 ± 6.9 ml/kg to 59.6 ± 6.2 ml/kg (from 70.9% to 77.7% of control value), 
while in Group B from 48.5 ± 5.5 ml/kg to 55.6 ± 17.3 ml/kg (from 63.2% to 72.5%) until 72 
hours after injury. There was no significant difference in CBV values between the two groups 
throughout the study period. 

We could elucidate the existence and extent of intravascular volume depletion in spite of opti­
mal fluid treatment in both solely smoke inhalation injury and solely severe cutaneous burn. 
Almost solely inhalation injury was found to decrease CBV to less than that of severe cutaneous 
burn, which presumably led to the increased fluid requirement. Concerning the resuscitation 
endpoint in early burn treatment, this depletion in CBV must be taken in mind. Hourly urine 
output is speculated to be an effective and practical clue to manage a burn patient within per­
missive hypovolemia. 
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Fluid replacement in burn patients in recent 
experience has been guided by volume restoration 
formulas derived from clinical observation and 
experimental data. The most commonly used for­
mula is the Parkland formula, which calls for the 
patient to receive 4 ml of lactated Ringer's solution 
per kilogram body weight per percent of burn dur­
ing the first 24 hours after injury5

,
35

l_ It is recog­
nized that the formula is only a guide and that an 
adjustment of fluid infusion rate is required usual­
ly based on the clinical responses of blood pres­
sure, heart rate and urine output in the patient. 
The overall resuscitation goal recommended in the 
formula is to control urine output in the range of 
0.5 to 1.0 ml/kg/hr for adult patients to prevent 
"overresuscitation" which results in acute pul­
monary edema. 

rate provide inaccurate and insensitive informa­
tion concerning the adequacy of burn 
resuscitationrn. This is of particular concern 
because the use of these traditional circulatory 
resuscitation endpoints might increase the likeli­
hood of "unrecognized underresuscitation"31

l. At 
the same time, smoke inhalation injury itself has 
been known to produce systemic pathologic 
changes as manifested by increased fluid require­
ments and a significantly greater mortality6,15,z9,33 l_ 

However, the resuscitation status in smoke 
inhalation injury has not been adequately studied. 

Conversely, Dries and Waxman have document­
ed that urine output, blood pressure and heart 
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PATIENTS AND METHODS 
The study and procedure were approved by the 

Ethical Committee of Hiroshima University 
Medical Hospital and written informed consent 
was obtained from the selected patients or from 
their families. To determine the magnitude of the 
effect of smoke inhalation injury or of cutaneous 
burn injury on circulating blood volume, two char­
acteristic groups were composed as follows: 

Group I: patients with solely smoke inhalation 
injury. 

Group B: patients with solely cutaneous burn 
injury. 

As a patient suffering from inhalation injury is 
not always free from cutaneous burn, patients 
with less than 20% of TBSA burned within which 
non-burn tissue edema was not likely to develop 
were permitted to enter Group I. Patients with 
larger than 25% of TBSA burned with no inhala­
tion injury were accepted to enter Group B. Other 
criteria for admission to the study were: patients 
over 15 years of age who were admitted to our 
institute within 2 hours after injury and whose 
fluid intake and output were precisely measured 
without concomitant complications or illness that 
affected his/her urine output or fluid demand and 
not resigned resuscitation. The depth and extent 
of burn were assessed and recorded according to 
Lund and Browder's diagram9i. Diagnosis of smoke 
inhalation injury was established by physical 
examination and bronchoscopic findings27

l. Group I 
consisted of 10 patients and Group B of 6 patients. 

Treatment was conducted by the ICU staff and 
dermatologists. The initial fluid requirement was 
estimated according to the Parkland formula, and 
the rate of fluid administration was modified flexi­
bly according to the clinical response of blood pres­
sure, heart rate and urine output of the patient: 
an hourly urine output of 1.0 to 2.0 ml/kg was 
used as the principal resuscitation endpoint. 
Patients in Group I were given maintenance fluid 
in proportion to physique and lactated Ringer's 
solution was additionally administered to meet 
the resuscitation endpoint. Patients in Group B 
were given lactated Ringer's solution in accor­
dance with estimation of the Parkland formula 
with flexible modification to meet the same end­
point. Colloid solutions were administered at 8 
hours after injury when indicated. Dopamine was 
administered to all patients in a dose ranging 
from 2 to 5 µg/kg/min to support hemodynamic 
performance. 

Direct arterial pressure monitoring was con­
ducted in all patients. A central venous catheter 
was placed in the subclavian, internal jugular vein 
or femoral vein for administration of fluids and 
inotropes and for central venous pressure ( CVP) 
monitoring. Other invasive monitoring devices 
such as thermodilution catheters were not applied. 
A mechanical ventilatory support with intubation 

was indicated if the existence of smoke inhalation 
injury was suspected and the burn size exceeded 
60%, and prophylactic intubation was often indi­
cated if the development of airway and cardiopul­
monary complications was suspected. All 
participants in Group I were intubated and man­
aged with mechanical ventilation, as were 5 of 6 
patients in Group B. 

Escharotomy was performed on admission if 
dangerous thoracic constriction or malperfusion in 
peripherals was observed. Wounds were treated 
with topical antimicrobial creams and cleansed 
daily by the dermatological team. Surgical exci­
sion of necrotic burned tissue and autografting 
were not performed in any patient during the 
study period. 

Age, gender, physical status such as height, 
weight and body surface area of the patients was 
recorded. The burn size and depth were extracted 
from the diagram, and the burn index (half of sec­
ond degree burn + third degree burn) and prognos­
tic burn index (burn index + age) were calculated 
to demonstrate the severity of cutaneous burn. 
Elapsed time to commencement of treatment after 
injury was extracted from medical records and 
compared. The following clinical parameters were 
also recorded: mean arterial blood pressure, heart 
rate, body temperature, CVP, urine specific gravi­
ty, PaO/Fi02 ratio, hematocrit, white blood cell 
count, serum C-reactive protein level and serum 
lactate level. The values of these parameters were 
obtained consecutively at 8, 16, 24, 48, 72 and 96 
hours after injury. Serum C-reactive protein and 
urine specific gravity were measured daily until 
day 4 and the values of serum C-reactive protein 
were also determined at day 7. 

Circulating blood volume (CBV) was measured 
at the same time interval as the other parameters 
according to the pulse dye-densitometry method 
(DDG analyzer-2001, Nihon Kohden, Tokyo, 
Japan), using indocyanine green (ICG) as 
dye13,18). To minimize systematic error and mea­
surement error, the measurement procedure was 
established in a written form before commencing 
the study. We uniformly used 20 mg of ICG 
(Diagnogreen, Daiichi Pharmaceutical, Tokyo, 
Japan) diluted with 5 ml of distilled water in each 
measurement. Dye was injected via a central 
venous catheter at bolus followed by a flush of 20 
ml of saline to wash out the line. A three-way cock 
nearest to the patient was used for injection to 
minimize residual dye in the line. Patients were 
not always in the supine position; a tilt within 5 
degrees and slightly lateral inclination were 
accepted. Measurements were performed while 
patients were in a stable state. Measurements 
during aggressive infusion, soon after changing 
the administration rate of dopamine, during or 
soon after tracheal suction, or while patients were 
in aggressive motion were avoided. As the detec-
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tion probes used were essentially the same as 
those utilized in the pulse oximetry method, 
motion of the patient can lead to movement of the 
probe or motion artifact and thus to a false value. 
The location of the probe was chosen to detect the 
finest arterial pulsation. Fingers were sometimes 
not available because of burn and wrapping; nos­
tril, earlobe or lips were also used for measure­
ment. The following information was required for 
precise measurement: amount of injected ICG (20 
mg here), hemoglobin level, and the height and 
weight of the patient. The hemoglobin level was 
measured at each measurement (Celltac a, Nihon 
Kohden, Tokyo, Japan). Results were all printed 
with a dye-densitogram and then thoroughly 
examined. CBV was also measured in 15 elective 
surgical patients in the operating room just after 
induction of anesthesia and before incision, and 
the mean value and standard deviation calculated 
were employed as the control value of CBV. 

Statistical analysis 
Differences in the values of age, gender ratio, 

height, weight and body surface area among the 
three groups comprising Group I, Group B, and 
the 15 surgical patients from which the control 
CBV value was obtained were analyzed by one­
way analysis of variance and the Kruskal-W allis 
test. Differences in non-parametrical values such 
as %TBSA burned, burn index, prognostic burn 
index and elapsed time to treatment between the 
two groups of Group I and Group B were analyzed 
by Mann-Whitney U-tests, and physiological para­
meters between the two groups were analyzed by 
Student's unpaired t-tests. The significance of dif­
ference in mortality was tested by a Chi-square 
test. Analysis of variance with Fisher's protected 
least significant difference was applied for consec­
utively measured values and for comparison 

among the three values of CBV including control. 
Statistical significance was defined asp< 0.05. All 
values in the table and figures are given as means 
± standard deviation. The range and median of 
chief non-parametrical values such as age, %TBSA 
burned and elapsed time to admission are also 
given in the table. 

RESULTS 
The demographics and clinical characteristics of 

the patients are presented in Table 1. There were 
no significant differences in age, gender and physi­
cal status among the three groups including con­
trol. There were significant differences between 
the two groups in severity of burns as Group I was 
defined as minor burn and Group B as extensive 
burn. 

The amount of fluid administered and urine out­
put at 24-hour intervals until 96 hours after injury 
are presented in Fig. 1. Within the initial 24 
hours, a significantly greater amount of fluid was 
administered compared to the later periods in both 
groups. The amount of fluid administered was sig­
nificantly greater in Group B than in Group I 
except from 24 to 48 hours. Urine output was con­
trolled within 1.0 to 2.0 ml/kg/hr and no difference 
was observed between the two groups throughout 
the study period. 

The time course of all physiological parameters 
is shown in Fig. 2. No significant differences in 
vital signs such as mean arterial blood pressure, 
heart rate, body temperature, CVP and urine spe­
cific gravity between Group I and Group B were 
observed throughout the study period except heart 
rate at 72 hours. No significant difference in respi­
ratory impairment was detected with PaO/Fi02 

ratio throughout the study period. There was no 
difference in hematocrit in the first 72 hours. The 
values of serum C-reactive protein did not differ 

Table 1. Demographics and clinical characteristics of the patients 

Number of patients 
Age mean± SD 

range (median) 
Gender (male/female) 
Physical status 

Height (cm) 
Weight (kg) 
Body surface area (m2

) 

Severity of burn 
%TBSA burned(%) mean± SD 

range (median) 
Burn index* 
Prognostic burn indext 

Time to admission (min) mean ± SD 
range (median) 

Deaths 

control 

15 
61.9 ± 11.0 

32-82 (63.0) 
10/5 

160.2 ± 6.7 
54.6 ± 5.7 
1.57 ± 0.09 

Group IB 

10 
53.4 ± 26.19 

15-88 (50.5) 
5/5 

159.0 ± 8.5 
56.9 ± 12.7 
1.61 ± 0.15 

8.9 ± 7.6 
0-19.9 (6.3) 

5.2 ± 5.5 
58.6 ± 29.8 
40.9 ± 15.2 
19-70 (40) 

0 

*Burn index= second degree burn(%) x 112 +third degree burn(%) 
t Prognostic burn index = burn index +age 

Group B 

6 
72.5 ± 12.3 

49-82 (75.5) 
2/4 

154.2 ± 8.0 
51.5 ± 7.4 
1.48 ± 0.14 

45.8 ± 17.1 
26.-68.0 (40.5) 

29.0 ± 13.8 
101.6 ± 12.4 

57.0 ± 31.3 
30-102 (45) 

2 

P values 

n.s. 

n.s. 
n.s. 
n.s. 

< 0.0001 
0.0002 
0.0050 

n.s. 
n.s. 
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Fig. I. Comparison of amount of fluid administered 
and urinary output between Group I and Group B. 
Urinary output is depicted downward. The solid bar 
and open bar represent mean ± SD of values of 
Group I and Group B, respectively. Asterisk indicates 
a statistically significant difference between the 
groups. 
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Fig. 2. Comparison of each parameter between the 
two groups. The solid circles and open circles repre­
sent the values of Group I and Group B, respectively. 
Asterisk indicates a significant difference between 
the two groups. 

significantly until day 7. The serum lactate level 
in Group B was significantly higher than that in 
Group I at 8 hours after injury, but gradually 
decreased to reach normal range within 48 hours. 
In Group I, serum lactated values were main­
tained around normal range. 

The control value of CBV obtained from surgical 
patients was 76. 7 ± 9.0 ml/kg. The time course of 
CBV values in Group I and Group B is shown in 
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Fig. 3. Comparison of circulating blood volume 
between Group I and Group B. The dotted square 
represents mean and SD of the control value. The 
solid and open circles represent values of Group I 
and Group B, respectively. Asterisk indicates a sig­
nificant difference between control level and values 
of each group. Circulating blood volume in both 
groups was significantly lower than control level 
except that of Group B at 96 hours after injury. 
There was no significant difference between Group I 
and Group B throughout the study period. 

Fig. 3. The CBV value in Group I was significantly 
lower at 8 hours after injury: 57.7 ± 10.3 ml/kg 
(75.2% of the control value: p = 0.0001). The value 
gradually decreased to reach the minimum level 
at 48 hours: 54.4 ± 6.9 ml/kg (70.9%: p <0.0001). 
The value slightly increased thereafter, but did 
not reach the control value until 96 hours: 59.6 ± 
6.2 ml/kg at 72 hours (77.7%: p = 0.0004). The 
CBV value in Group B was also significantly lower 
in level at 8 hours after injury: 48.5 ± 5.5 ml/kg 
(63.2% of the control value: p < 0.0001). The val­
ues gradually but slightly increased thereafter, 
marking 51.5 ± 9. 7 ml/kg at 24 hours, 49.9 ± 6.4 
ml/kg at 48 hours and 55.6 ± 17.3 ml/kg at 72 
hours (67 .1 %, 65.l % and 72.5% of the control 
value, respectively: all p values were below 0.002). 
CBV values in Group B reached 64.4 ± 11.6 ml/kg 
at 96 hours after injury, when statistical signifi­
cance was not detected compared to the control 
level: 84.0%, p = 0.0551. There were no statistical­
ly significant differences detected between the 
CBV values of Group I and those of Group B 
throughout the study period. 

DISCUSSION 
Fluid resuscitation has been required to prevent 

intravascular volume depletion without causing 
overhydration and the subsequent development of 
pulmonary edema or excessive peripheral edema. 
We have applied an hourly urine output of 1.0 to 
2.0 ml/kg/hr as a principal resuscitation endpoint 
which is slightly greater than that recommended 
in the traditional formula. We have never experi­
enced a resuscitation failure that resulted in acute 
renal failure or liver failure with this guideline for 
more than ten years, and the incidence of pul-
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monary edema was similar to that of other 
reports 20,32,33). 

Conventional clinical parameters such as blood 
pressure, heart rate, body temperature, CVP and 
hematocrit are commonly regarded as reflecting 
the presence and the extent of hypovolemic sta­
tus9i. These parameters demonstrated similar 
changes after smoke inhalation and cutaneous 
burn injury. The larger serum lactate level in 
cutaneous burn may promote an intuitive under­
standing that the extent of hypovolemia is much 
greater in severe cutaneous burn and thus less 
attention is given to the treatment of smoke 
inhalation injury. 

The most striking result was the existence and 
similar extent of hypovolemia in both clinical situ­
ations of almost solely smoke inhalation injury 
and of severe cutaneous burn injury so that the 
CBV value decreased to less than two-thirds of 
control value. An improved urinary response to 
fluid infusion and cessation in edema formation 
achieved 24 to 48 hours after injury suggested ter­
mination of the resuscitation phase, but even at 
this phase, a decrease in CBV still remained in 
hypovolemic status. The foregoing values of con­
ventional parameters provided information on the 
existence of hypovolemia, but they did not reflect 
the magnitude of hypovolemia. 

Although the CBV values obtained by the pulse 
dye-densitometry method have been validated in 
healthy normal subjects13·14·18·19J, its validity in criti­
cally ill patients is still argued21J. The ground of 
the argument arises from suspicion of a leakage of 
dye throughout the vessel, especially in the "leaky 
capillary syndrome" of which burns are typical31J. 
We are of the belief that the effect of dye leakage 
on measurement is negligible for the following rea­
sons. It has already been confirmed that up to 80% 
of injected ICG binds to plasma protein3J. Yan-Ling 
He and his coworkers demonstrated a similar dis­
tribution volume between ICG completely bound 
to plasma proteins and free fraction of ICG14J. 
Birke reported that by using isotope labeled albu­
min, maximally 700 g of albumin was observed to 
leave the circulating blood within 24 hours in a 
80% burned patient7J. As measurement of CBV by 
pulse dye-densitometry can be completed within 6 
minutes, plasma albumin leakage within 6 min­
utes was calculated to be 3 g at most. Birke also 
calculated the patient's albumin pool to be 120g. 
Thus, at most 1/40 of the injected dye is calculated 
to have leaked during measurement, which is 
regarded as negligible. Even if enough dye should 
leak to affect the value, the dye concentration 
would become lower and CBV values would be cal­
culated as greater than their actual value. The 
values of CBV measured in critically ill patients 
even in "leaky capillary syndrome" by the dye-den­
sitometry method may be greater rather than 
smaller than the true CBV. 

One drawback of the procedure is that repeated 
measurements at once are not possible ahd thus 
there is a possibility of an unrefined randdm mea­
surement error. We carefully treated this problem 
in this study. Examination of the detection curva­
ture is useful in evaluating the reliability of the 
value. 

Conventionally, we have estimated the amount 
of blood volume in a patient as one-thirtieth of 
body weight. In the classical study of Moore using 
radioisotopes, CBV was calculated to be 6.5% of 
body weight in female patients and 7% in male 
patients26i. Yan-Ling He and his coworkers report­
ed CBV measured by pulse dye-densitometry in 
healthy volunteers to be 72.6 ± 3.1 ml/kg14J. The 
CBV value which we used for control was 76. 7 ± 
9.0 ml/kg (7.67 ± 0.90% of body weight) and this 
seemed to be acceptable for standard Japanese 
adults 12·30l. 

Recently, a debate has arisen as to where to 
place the optimal resuscitation endpoint in burn 
resuscitation. There have been experimental and 
clinical trials using the values of serum lactate or 
base deficit or using a pulmonary artery thermodi­
lution catheter with the purpose of balancing oxy­
gen delivery sufficiently for tissue oxygen 
consumption to prevent hypoxic tissue damage 
and organ failure. These trials suggested the exis­
tence of suboptimal circulatory performance if 
directed only by the traditional resuscitation for­
mula. 

Consistent elevation of the serum lactate level 
has been reported to be useful in indicating the 
presence of malperfusion in other critical situa­
tions4·8·24·34J. Jeng et al demonstrated that conven­
tional resuscitation parameters such as urine 
output, mean arterial pressure and fluid adminis­
tration rate were low in correlation with serum 
lactate and base deficit in burn resuscitation and 
that the values of serum lactate and base deficit 
provide a reliable guideline in burn 
resuscitation22i. In our study, a discrepancy was 
observed that the similarly decreased CBV of sole­
ly inhalation injury patients did not cause a simi­
lar elevation in serum lactate compared to 
cutaneous burns. The probable causes for this dis­
crepancy are a discrepancy in generating lactate35i 
(absence or presence of nonviable burned tissue), a 
discrepancy in circulatory re.distribution16·17·28J or a 
discrepancy in metabolic alteration25J between 
smoke inhalation injury and cutaneous burn. 
However, this question has not yet been well 
investigated and requires further study. 

The result of this study suggested the magni­
tude of "unrecognized underresuscitation". A 
depletion in CBV is similarly observed in solely 
inhalation injured patients, and is speculated to 
be a cause of the increased fluid requirement in 
smoke inhalation injury. From our experience, the 
attempt to correct the decreased CBV up to control 
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level was not achieved by fluid replacement and 
inotropic supports; further aggressive infusion did 
not seem to recover the state of hypovolemia but 
only to increase tissue edema or lung edema. It 
also appeared as if there was a physiological hypo­
volemic threshold. This deviation in CBV did not 
seem to terminate until after the first 4 days or 
one week, or even later. Thus, in view of its useful, 
non-invasive and convenient nature, we consider 
that the role of hourly urine output in burn resus­
citation should be re-evaluated as one of the prac­
tical clues in managing patients within permissive 
hypovolemia. 

The mechanism of the decrease in CBV is not 
fully understood. Multiple mediators such as hist­
amine, bradykinin, products of arachidonic acid, 
and oxygen free radicals may play a role in 
increasing capillary permeability2i. Lalonde and 
coworkers assumed that the increased fluid 
requirements were due to systemic oxidant effects 
in their experimental study23 i. Demling and his 
associates, using sheep as experimental subjects 
in which to study controlled inhalation injury, 
found evidence of increased oxidant activity at air­
way surfaces10i. These changes, unfortunately, did 
not correspond well in their study with the clinical 
development of pulmonary dysfunction that 
appeared later. There are plenty of pathophysio­
logical aspects that require further investigation 
to elucidate the mechanism1i. However, we are of 
the belief that monitoring CBV status and find­
ings will lead to a new pathophysiological under­
standing in burn patients and patients in critical 
care. 
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(Accepted December 6, 2001) 

REFERENCES 
1. Aikawa, N., Wakabayashi, G., Ueda, M. and 

Shinozawa, Y. 1990. Regulation of renal function 
in thermal injury. J. Trauma 30: SI 74-Sl 78. 

2. Arthurson, G. 1979. Microvascular permeability to 
macromolecules in thermal injury. Acta. Physiol. 
Scand. 463: 111. 

3. Baker, K.J. 1966. Binding of sulfobromophthalein 
(ESP) sodium and indocyanine green (ICG) by plas­
ma al lipoproteins~ Proc. Soc. Exp. Biol. Med. 122: 
957-963. 

4. Bakker, J., Coffemils, M., Leon, M., Gris, P. 
and Vincent, J.L. 1991. Blood lactate levels are 
superior to oxygen derived variables in predicting 
outcome. Chest 99: 956-962. 

5. Baxter, C.R. 197 4. Fluid volume and electrolyte 
changes in the early postburn period. Clin. Plast. 
Surg. 1: 693. 

6. Baxter, C.R. and Shires, G.T. 1981. Guidelines 
for fluid resuscitation. Proceedings of the Second 
Conference on Supportive Therapy in Burn Care. J. 
Trauma 21 (suppl): 687-689. 

7. Birke, G.S., Liljedahl, O.L. and Plantin, 0. 

1968. Distribution and losses of plasma proteins 
during the early stage of severe burns. Ann. N. Y. 
Acad. Sci. 14: 895-904. 

8. Cowan, B.N., Burns, H.J.K., Boyle, P. and 
Ledingham, B.P. 1984. The relative prognostic 
value oflactate and hemodynamic measurements in 
early shock. Anesthesia 39: 750-755. 

9. Deitch, E.A., Rutan, R.L. and Rutan, T.C. 1999. 
Burn Management, p. 2015-2023. In R.S. Irwin, 
F.B. Cerra and J.M. Rippe (eds.), Intensive Care 
Medicine. 4th ed. Lippincott Williams & Wilkins, 
Philadelphia, Pennsylvania, U. S. A. 

10. Demling, R., Lalonde, C., Picard, L. and 
Blanchard, J. 1994. Changes in lung and systemic 
oxidant and antioxidant activity after smoke 
inhalation. Shock 1: 101-107. 

11. Dries, D.J. and Waxman, K. 1991. Adequate 
resuscitation of burn patients may not be measured 
by urine output and vital signs. Crit. Care Med. 19: 
327-329. 

12. Feldschuh, J. and Enson, Y. 1977. Prediction of 
the normal blood volume. Relation of blood volume 
to body habitus. Circ. 56: 605-612. 

13. Haruna, M., Kumon, K., Yahagi, N., Watanabe, 
Y., Ishida, Y., Kobayashi, N. and Aoyagi, T. 
1998. Blood volume measurement at the bedside 
using ICG pulse dye spectrophotometry. 
Anesthesiology 89: 1322-1328. 

14. He Y.-L., Tanigami, H., Ueyama, H., Mashimo, 
T. and Yoshiya, I. 1998. Measurement of blood 
volume using indocyanine green measured with 
pulse-spectrophotometry: its reproducibility and 
reliability. Crit. Care Med. 26: 1446-1451. 

15. Herndon, D.N., Traber, D.L. and Traber, L.D. 
1986. The effect of resuscitation on inhalation 
injury. Surgery 100: 248-251. 

16. Hilton, J.G., McPherson, M.B. and Marullo, 
D.S. 1986. The relationship between postburn 
increase in peripheral resistance and vasopressin. 
Burns 12: 410-414. 

17. Horton, J.W. 1994. Oxygen free radicals contribute 
to postburn cardiac cell membrane dysfunction. J. 
Surg.Res.61:97-102. 

18. Iijima, T., Aoyagi, T., Iwao, Y., Masuda, J., 
Fuse, M., Kobayashi, N. and Sankawa, H. 1997. 
Cardiac output and circulating blood volume analy­
sis by pulse dye-densitometry. J. Clin. Monit. 13: 
81-89. 

19. Iijima, T., Iwao, Y. and Sankawa, H. 1998. 
Circulating blood volume measured by pulse dye 
densitometry. Anesthesiology 89: 1329-1335. 

20. Inoue, T., Okabayashi, K., Yamanoue, T., 
Wada, S., Iida, K. and Ohtani, M. 2002. Effect of 
smoke inhalation injury on fluid requirement in 
burn resuscitation. Hiroshima J. Med. Sci. 51: 1-5. 

21. Ishihara, H., Matsui, A., Muraoka, M., Tanabe, 
T., Tsubo, T. and Matsuki, A. 2000. Detection of 
capillary protein leakage by indocyanine green and 
glucose dilutions in septic patients. Crit. Care Med. 
28: 620-631. 

22. Jeng, J.C., Lee, K., Jablonsky, K. and Jordan, 
M.H. 1997. Serum lactate and base deficit suggest 
inadequate resuscitation of patients with burn 
injuries: Application of a point-of-care laboratory 
instrument. J. Burn Care Rehabil. 18: 402-405. 



Circulating Blood Volume in Burn Resuscitation 13 

23. Lalonde, C., Picard, L., Youn, Y.K. and 
Demling, R.H. 1995. Increased early postburn 
fluid requirements and oxygen demands are predic­
tive of the degree of airways injury by smoke 
inhalation. J. Trauma 38: 175-184. 

24. Mizock, B.A. and Falk, J.K. 1992. Lactic acidosis 
in critical illness. Crit. Care Med. 20: 80-93. 

25. Mizock, B.A. 1995. Alteration in carbohydrate 
metabolism during stress. A review of the litera­
ture. Am. J. Med. 98: 75-84. 

26. Moore, F.D. 1966. The blood volume in health, p. 
139-161. In F.D. Moore (ed.), Metabolic care of the 
surgical patients. W.B. Saunders Company, 
Philadelphia, Pennsylvania, U.S. A. 

27. Moylan, J.A. and Alexander, Jr., G. 1978. 
Diagnosis and treatment of inhalation injury. 
World J. Surg. 2: 185-191. 

28. Mueller, M., Sartorelli, K., DeMeules, J.E. and 
Gamelli, R.L. 1988. Effects of fluid resuscitation 
on cardiac dysfunction following thermal injury. J. 
Surg. Res. 44: 745-753. 

29. Navar, P.D., Saffle, J.R. and Warden, G.D. 
1985. Effect of inhalation injury on fluid resuscita­
tion requirements after thermal injury. Am. J. 

Surg. 150:716-719. 
30. Ogawa, R., Fujita, T. and Fukuda, Y. 1970. 

Blood volume studies in healthy Japanese adults. 
CJ apanese contents with English abstract) Kokyuu 
to Junkan (Respiration and Circulation) 18: 
833-838. 

31. Schiller, W.R. 2000. Burn care and inhalation 
injury, p.365-377. In W.C. Shoemaker, S.M. Ayres, 
A. Grenvik and P.R. Holbrook (eds.), Textbook of 
Critical Care, 4th ed. W.B. Saunders Company, 
Philadelphia, Pennsylvania, U.S. A. 

32. Shirani, K.Z., Pruitt, B.A. and Mason, A.D. 
1987. The influence of inhalation injury on burn 
mortality. Ann. Surg. 205: 82-87. 

33. Thompson, P.B., Herndon, D.N., Traber, D.L. 
and Abston, S. 1986. Effect on mortality of inhala­
tion injury. J. Trauma 26: 163-165. 

34. Waxman, K., Nolan, L.S. and Shoemaker, W.C. 
1982. Sequential perioperative lactate determina­
tion. Physiological and clinical implications. Crit. 
Care Med. 10: 96-99. 

35. Yowler, C.J. and Fratianne, R.B. 2000. Current 
status of burn resuscitation. Clin. Plast. Surg. 27: 
1-10. 




