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Effects of Whole Blood, Crystalloid, and Colloid Resuscitation
of Hemorrhagic Shock on Renal Damage in Rats:

An Ultrastructural Study
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urpose: The aim of this study was to determine the effects
f whole blood, crystalloid, and colloid treatment on his-
opathologic damage of kidney induced by hemorrhagic
hock in rats.

ethods: Fifty-six male Sprague Dawley rats were divided
nto 8 groups. The carotid artery was cannulated, and sys-
olic arterial pressure (SAP), diastolic arterial pressure (DAP),
eart rate (HR), and rectal temperature (RT) were observed
uring the procedure. The jugular vein also was cannulated,
nd the SAP was decreased by aspiration of 75% of blood
hrough the jugular vein in the control (nonresuscitated) and
tudy (resuscitated) groups, whereas blood was not dimin-
shed in the sham group. The hemorrhagic shock was per-

itted to last 45 minutes; then, the study group rats were
esuscitated with heparinized shed autologous whole blood
WB), normal saline (NS), Lactated Ringer’s solution (LR),
ydroxyethyl starch 6% (HES6), hydroxyethyl starch 10%
HES10), or dextran 40 (D40). Histopathologic evaluation was
erformed under light and electron microscope.

esults: The RT, SAP, and DAP decreased, and HR increased
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eriod compared with those of sham group. After volume
esuscitation, these parameters changed to preshock levels.
lectron and light microscopic examinations of kidneys
howed severe proximal tubular degeneration with moder-
te glomerular damage in the control group; moderate prox-
mal tubular degeneration with mild glomerular damage in
he NS, LR, HES6, and HES10 groups; and mild proximal
ubular degeneration with no evidence of glomerular dam-
ge in the WB and D-40 groups.

onclusions: The characteristic ultrastructural features of
emorrhagic shock appear to be severe tubular degeneration
nd mild to moderate changes in glomeruli. Resuscitation of
emorrhagic shock with whole blood or dextran 40 solution
ppears to be most favorable therapy in preventing ultra-
tructural renal damage in rats.
Pediatr Surg 38:1642-1649. © 2003 Elsevier Inc. All rights

eserved.

NDEX WORDS: Hemorrhagic shock, renal failure, restora-
ion of renal damage, whole blood, crystalloids, colloids,
HE CLINICAL COURSE of shock is one of the
most dramatic and challenging problems today.

he most common form of shock in both pediatric and
dult trauma patients is hypovolemic or hemorrhagic
hock.1-3 Renal hypoperfusion, which occurs in hemor-
hagic shock, creates an environment in which cellular
njury and organ dysfunction can occur during the epi-
ode of shock.4 There is inadequate perfusion of blood
hrough the tissue of the various organs, particularly the
idney and lung in many patients with circulatory
hock.5 As a consequence of protracted traumatic hem-
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rrhage, the regional blood flow is significantly de-
reased in the kidneys.6 Most clinical ischemic acute
enal failures result from renal hypoperfusion induced by
hock.7,8

Although a considerable number of experimental
athophysiologic studies have been carried out, there are
ew accounts of the ultrastructural appearances in the last
ecade, and renal responses to shock have not been
efined adequately. Early recognition and appropriate
reatment of shock is the key to survival. Volume re-
lacement is the cornerstone of the management of
emorrhagic shock. Infusing blood and intravenous flu-
ds is essential to restore the plasma volume deficits in
atients suffering from hemorrhage.9-11 However, there
ontinues to be an ongoing debate as to the most suitable
ype of fluid to use for resuscitation. We aimed to
etermine morphologic evidence for cellular damage
fter 45 minutes of hemorrhagic shock and to evaluate
he effects of the restoration of blood volume with whole
lood (WB), normal saline (NS), hydroxyethyl starch 6%
HES6), hydroxyethyl starch 10% (HES10), Lactated
ignificantly in the control and study groups during the shock
 ats.
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topathologic damage of kidney induced by hemorrhagic
shock in rats.

MATERIALS AND METHODS

This experimental study was approved by Laboratory of Animal
Science Committee of Dicle University Medical Science Research
Center. In the study, 56 male Sprague Dawley rats (250 to 300 g) were
used. The animals were kept in individual cages and allowed free
access to standard food and tap water before experiments. The rats were
sedated with ketamine HCl (50 mg/kg) intramuscularly.

The rats were divided randomly into 8 groups, each consisting of 7
animals. One carotid artery was cannulated for measuring invasive
systolic arterial pressure (SAP) and diastolic arterial pressure (DAP).
One jugular vein was cannulated for removing of blood and the fluid
administration. Heart rate (HR), SAP, DAP, and rectal temperature
(RT) were observed continuously (Propaq’ 106 EL). Data were re-
corded before and at 5-minute intervals during the study Blood volume
was not diminished in the sham operating group. The SAP was
decreased to 35 to 40 mm Hg by withdrawing blood through the jugular
vein in the control (nonresuscitated) and study (resuscitated) groups.
The shed blood withdrawal period (time) was 10 minutes. The hemor-
rhagic shock was permitted to last 45 minutes; then, the rats were
resuscitated with the same volume in each group. The same amount of
shed volume, but different type of resuscitation fluid, was administered
to the study groups. Nothing was given to the control group. The rats
were resuscitated with shed whole blood containing 125 u/mL heparin
in the WB group, normal saline in the NS group, Lactated Ringer’s
solution in the RL group, hydroxyethyl starch 6% in the HES6 group,
hydroxyethyl starch 10% in the HES10 group, and dextran 40 in the
D40 group, whereas nothing was given in control group. The fluid
resuscitation period was 20 minutes.

Renal morphology was examined 45 minutes after cannulating the
carotid artery and jugular vein in the sham group, after 45 minutes of
hypotension in the control (nonresuscitated) group, and 45 minutes
after resuscitation of rats in the study groups. The rats were killed by
cervical dislocation, the kidneys were removed en bloc, and tissue
samples were fixed immediately by immersion in 2% formaldehyde
and 2.5% glutaraldehyde in 0.1 mol/L sodium cacodylate buffer for 3
hours, postfixed in osmium tetroxide, and embedded after dehydration
in Aralydide. Thin sections were stained with uranyl acetate followed
by lead citrate. For light microscopic evaluation, semithin sections
were taken and stained with methylene blue. Histopathologic exami-
nation was performed under electron and light microscope. The degree
of cellular damage in electron and light micrographs was evaluated
independently in proximal tubules and glomeruli by 2 investigators
who were blinded.

Data were entered and analyzed on a personal computer using SPSS
version 9.0. All values were expressed as mean � SD. The significance
of the data obtained was evaluated using analysis of variance
(ANOVA), and the F value was found to be significant. Differences
between groups were analyzed using the post-ANOVA (Duncan’s) test.
Intragroup comparisons were performed by paired t tests. P values of
less than .05 were considered significant.

RESULTS

After withdrawal of blood, the RT, SAP, and DAP
decreased significantly in the control and all study
groups during the shock period compared with those of
the sham group (P � .05, P � .05, P � .05, respec-
tively). After volume resuscitation, these parameters in-
creased to preshock levels in study groups (Table 1). The
HR increased significantly in the control and all study

groups during the shock period compared with those of
the sham group (P � .05). After volume resuscitation, it
decreased to preshock levels (Table 1). There were no
significant differences in RT, HR, SAP, and DAP be-
tween the groups at the preshock period and after the
volume restoration.

Sham Operative Group

The sham rats did not show morphologic renal dam-
age. All tubular segments were intact and showed normal
glomeruli and tubular cells.

Control Group

The kidney showed clear-cut histologic damage in
response to shock, and extensive vacuolization and
edema of proximal tubules, cell swelling, highly swollen
lysosomes, and glomerular enlargement and widening of
the Bowman’s space were observed. Most of proximal
tubules showed marked distortion and swelling of the
microvilli and extensive brush border effacement. Mito-
chondrial edema and membrane ruptures also were
present in proximal tubules of ischemic kidneys. There
were increased numbers of lysosomes and numerous
vacuoles in the apical cytoplasm (Fig 1A). Degeneration
in glomerular capillaries, pycnosis in podocyte, and a
thickening in the basal lamina of glomerular capsule
were observed (Fig 1B). Numerous peritubular capillar-
ies contained free mitochondria and other cellular debris.
The endothelium lining these capillaries exhibited large
discontinuities, which occasionally were occupied by
platelets that adhered to the underlying basement mem-
branes. Pycnosis in proximal tubules, edema in intersti-
tial area, increases in fibrin, and vacuolization were
noted (Fig 1C).

Normal Saline and Lactate Ringer Groups

Moderate to severe focal lesions were observed. Ex-
tensive ischemic damage, focal denudations of the base-
ment membrane, swelling of mitochondria, loss of brush
border, as well as tubular integrity were observed in
these groups. The thickness of the proximal tubular walls
was irregular in different segments. There were increased
numbers of lysosomes and numerous vacuoles in the
apical cytoplasm. In some areas, the cytoplasm contained
numerous distended mitochondria. An increase in thick-
ening of basal lamina in proximal tubule was observed
(Fig 2A). Vacuoles were numerous, and an increase in
the number of subapical vacuoles and lysosomes were
noted (Fig 2B). The proximity of peritubular capillaries
to the degenerated tubular epithelium could easily be
appreciated.
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HES 6% and HES 10% Groups

The microvilli of some cells were swollen, the apical
vacuoles formed multivesicular bodies, and the intersti-
tial tissue was edematous (Fig 2C). In the areas of tubular
damage, the peritubular capillary lumens appeared col-
lapsed and were lined by swollen endothelial cells. Kid-
neys showed severe proximal tubular lesions, constric-
tion of glomerular capillaries, and interstitial edema.
Swelling of mitochondrial matrices, thickening in the
basement membrane, vacuolization, and edema of the
proximal tubules were observed (Fig 2D).

Dextran 40 Group

The cell injury of the proximal tubules was relatively
mild, and the glomeruli appeared normal and intact. Mild
vascular congestion, decreased losses of microvilli of
proximal tubule, and less cellular edema were observed.
Mitochondria appeared slightly swollen (Fig 3A). The
capillaries were patent, and the endothelial cells fre-
quently appeared normal. The proximal tubules lined
with cells were characterized with their microvilli. Well-
developed basal folding was observed. The brush border

generally was intact, and only rare cells showed persis-
tent loss of the brush border with bleb formation.

Whole Blood Group

The histology of renal tissue was almost normal. Mild
cell injury was present in the tubular epithelium. WB-
treated rats had widely patent tubular lumens, no blebs
were present, and only rare cells showed loss of the brush
border. Vacuolization was only focal in extent (Fig 3B).
A small number of cells showed a slight increase in the
number and size of apical vacuoles. The lumen of glo-
merular capillaries was patent, and no fibrin or platelet
aggregates were detected (Fig 3C). The basement mem-
brane was normal. No endothelial enlargement was seen,
and the majority of the podocytes were normal. Glomer-
ular structure and interstitial area were normal, and only
mild dilatation in proximal tubules was noted (Fig 3D).

DISCUSSION

The results of our study indicate that hemorrhagic
shock causes significant structural changes that induce
cell damage in the kidneys of rats in spite of restoration

Table 1. Mean SAP, DAP, RT, and HR changes

SAP DAP RT HR

Sham
Preshock 135.14 � 2.34 104.57 � 1.71 34.85 � 1.95 201.71 � 1.60

Control
Preshock 129.16 � 2.92 101.83 � 1.72 34.16 � 1.47 184.83 � 4.95
After shock 41.14 � 2.26* 25.71 � 2.21* 31.57 � 2.37* 208.57 � 3.45†

NS
Preshock 131.14 � 3.89 98.57 � 4.31 34.28 � 3.63 182.14 � 4.56
After shock 39.14 � 3.43* 25.28 � 2.36* 31.00 � 3.65* 210.28 � 4.57†
After resuscitation 131.71 � 4.38 101.85 � 4.52 33.57 � 2.37 185.85 � 4.29

RL
Preshock 128.14 � 4.37 102.85 � 4.70 34.28 � 2.56 184.42 � 3.90
After shock 42.14 � 2.26* 27.14 � 3.02* 31.28 � 1.60* 209.71 � 5.73†
After resuscitation 129.42 � 4.19 93.14 � 2.67 34.14 � 2.79 188.71 � 5.53

HES6
Preshock 128.71 � 3.86 107.28 � 5.28 34.14 � 3.89 188.14 � 4.91
After shock 40.28 � 3.45* 26.71 � 3.86* 31.42 � 1.98* 211.57 � 3.45†
After resuscitation 129.14 � 3.89 106.71 � 3.54 33.85 � 3.02 185.42 � 3.50

HES10
Preshock 129.85 � 2.47 101.14 � 4.67 34.28 � 3.36 182.28 � 2.42
After shock 40.14 � 2.67* 26.14 � 1.86* 31.57 � 3.45* 207.57 � 4.42†
After resuscitation 135.28 � 6.47 97.14 � 3.62 34.14 � 3.02 183.71 � 4.78

D40
Preshock 132.14 � 2.11 100.85 � 3.62 34.28 � 2.13 189.28 � 6.62
After shock 42.71 � 3.98* 26.85 � 1.67* 31.14 � 2.79* 216.42 � 2.69†
After resuscitation 133.28 � 3.19 99.28 � 3.98 34.14 � 2.54 192.57 � 5.31

WB
Preshock 130.42 � 2.50 104.28 � 3.54 34.14 � 3.23 183.42 � 5.28
After shock 39.57 � 2.22* 24.85 � 1.34* 31.14 � 2.11* 214.28 � 3.86†
After resuscitation 131.57 � 3.59 105.28 � 2.28 33.85 � 2.26 184.85 � 3.76

NOTE. Data obtained during preshock (PS), 5 minutes after hemorrhagic shock (AS), and 5 minutes after volume resuscitation (AR).
*P � .05 when compared with preshock levels.
†P � .05 when compared with preshock levels.
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of blood volume. However, histology indicates that
whole blood and dextran 40 have significant protective
effect on renal tissue damage resulting from severe
hemorrhagic ischemia in rats. Histopathologically, tubu-
lar necrosis is the classical stigmata of the impairment,
and assessment of changes in the superficial proximal
tubules and peritubular microcirculation remains a good
measure of damage in the postshock acute renal failure
model.12,13 The development of intratubular obstruction
and loss of tubular integrity with fluid leakage are prom-
inent features in the cortex of seriously injured postisch-
emic kidneys.13,14 Desquamation of brush border mi-
crovilli leads to impaction and intratubular obstruction
with cytoplasmic blebs.14

The pathophysiologic changes that occur after an isch-
emic renal insult are complex and in part related to the
length of the ischemic interval. After 25 minutes of
shock, proximal tubular cells undergo progressive injury,
with loss of the brush border, formation of cytoplasmic
blebs, necrosis of epithelial cells, and abundant intratu-
bular casts.14 We chose 45 minutes of shock because it is
a reasonable approximation of clinically relevant isch-
emic periods and is known to produce a substantial renal
insult, yet allows survival for functional and histologic
assessments. This study in rats found that shock induces

a significant increase in the luminal diameter of the
proximal tubules and marked changes in microcircula-
tory blood flow in the renal cortex and causes loss of
integrity of the tubular wall. The increase in tubular
diameter is suggestive of an increased intratubular pres-
sure, which may result from the observed obstruction of
the tubules by casts. This finding may be involved in the
impairment of the cortical microcirculation. Glomerular
lesions occasionally have been described in shock-in-
duced renal morphologic impairment, and it is generally
agreed that the glomerulus can tolerate ischemic insults
better than the proximal tubules.13,15 Our study, however,
showed the negative effects of hemorrhagic shock on
glomerular structure. This is incompatible with most
previous light and electron microscopic studies. It may
be caused by different experimental models or longer
ischemic period or both. Electron microscopic examina-
tion of our study showed thickening and dilatation in
glomerular capillaries, swelling of epithelial cell cyto-
plasm, occlusion of some glomerular capillaries by en-
dothelial swelling, intraglomerular deposits of fibrin and
platelets consistent with intraglomerular thromboses, and
a thickening in basal lamina of glomerular capsule after
hemorrhagic shock. These marked abnormalities ob-
served in the epithelial structure of the glomerulus may

Fig 1. Electron microscopic sections of ischemic kidney in control

group show severe damage. (A) Mitochondrial damage and loss of

the brush border with an increase in the number of lysosomes and

numerous vacuoles are seen in proximal tubules (lead citrate-uranyl

acetate, original magnification �8,000). (B) Degeneration in glomer-

ular capillaries, pycnosis in podocyte, thickening in basal lamina of

glomerular capsule, and a dilatation in glomerular capillaries are

seen. There is a moderate degree of deformity of some epithelial foot

processes (Lead citrate-uranyl acetate, original magnification

�8,000). (C) A light microscopic section of ischemic kidney in control

group shows severe renal damage. Pycnosis in proximal tubules,

edema in interstitial area, increases in fibrin, and vacuolization are

seen (Methylene blue, original magnification �82).
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account for a decrease in glomerular capillary permeabil-
ity. We think that intraglomerular coagulation may play
an important role in contributing to the prolonged de-
pression of renal function.

There continues to be an ongoing debate as to the most
suitable type of fluid to use for resuscitation of hypovo-
lemic shock, with not much information on ultrastructure
of the kidney currently available. The major problem in
hemorrhagic shock is reduced extracellular fluid and
increased intracellular fluid as a result of blood loss and
the leaking of salt and fluid into the body’s cells. Crys-
talloid solutions include 0.9% normal saline and lactated
Ringer’s solution. Once administered, only 25% of the
volume infused will remain in the intravascular compart-
ment, whereas the rest will fill the extracellular space and
would seem to lead to increased extracellular edema
resulting from the decrease in plasma oncotic pressure.

Sometimes blood pressure may restore to the normal
range by saline and RL without completely correcting
plasma volume deficit.16 This may be the reason for renal
perfusion defect that we observed in saline and RL
groups without a fall in SAP and DAP. The crystalloid
therapy appeared to have no significant impact on the
45-minute reflow histologic results, because the only
prominent histologic change in the reflow period (resid-
ual brush border damage) was not decreased significantly
with this treatment from nontreated shock-reflow con-
trols. Colloids improve hemodynamics and oxygen de-
livery by plasma expansion, whereas crystalloids princi-
pally expand interstitial volume and increase blood
pressure by the sodium effect on vascular smooth muscle
tone.17 HES6 and HES10 are effective plasma expanders
associated with hemodynamic and oxygen transport ef-
fects equal or superior to other colloids.18-20 In the

Fig 2. Electron micrographs of proximal tubules in NS, LR, HES6, and HES10 groups show moderate to severe cell injury. (A) Proximal

tubules of NS group exhibited disappearance of brush border. The cytoplasm contains numerous distended mitochondria. Numerous vacuoles,

microvilli in proximal cells, and an increase in vascularization are seen (lead citrate-uranyl acetate, orignal magnification �6,500). (B) Section

of LR group exhibits residual proximal tubular vacuoles and numerous distended mitochondria in the cytoplasm. An increase in the number of

subapical vacuoles and lysosomes are seen (lead citrate-uranyl acetate, original magnification �8,000). (C) Micrograph of HES6 group exhibits

marked vacuolization and swelling of cells, degeneration in the cytoplasm, and dilatation in capillaries, with loss of the brush border. Swelling

of mitochondrial matrices and a dilation of the cisternae of the endoplasmic reticulum are seen. Note the edema in interstitial tissue and

numerous vacuoles (lead citrate-uranyl acetate, original magnification �7,500). (D) Specimen of HES10 group shows vacuolization and edema

of proximal tubules. Swelling of mitochondrial matrices, loss of mitochondrial granules, and a dilation of the cisternae of the endoplasmic

reticulum are seen (lead citrate-uranyl acetate, original magnification �8,500).
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current study, HES6, HES10, NS, and LR groups of
experimental animals had sustained a quantitatively sim-
ilar degree of injury. Extensive ischemic damage, loss of
the brush border and tubular integrity, focal denudation
of the basement membrane, swelling of mitochondria,
and bleb formation were observed in these groups. Mild
glomerular damage was observed in NS, LR, HES6, and
HES10 groups.

The administration of whole blood and colloids also
are cited as the essential therapy of hypovolemic shock.
Whole blood and dextran 40 significantly increase car-
diac index, systemic arterial and venous pressures, and
tissue oxygen delivery in shock patients.21,22 The theo-
retical advantages of blood reinfusion are better tissue
reoxygenation, reduction of edema owing to the oncotic
properties of blood proteins, and the buffer effect of
hemoglobin in red blood cells.23 One of the conse-
quences of whole blood treatment is a preservation of

apical brush border (microvilli) of proximal tubules. In
the current study, shed blood that contained heparin
clearly reduced renal parenchymal damage in hemor-
rhagic shock–induced rats 45 minutes after resuscitation.
Whole blood reestablished the integrity of the tubular
epithelium, minimized the morphologic features of isch-
emic cell injury, and preserved the renal basal mem-
branes and mitochondria. The effects of heparin and
blood on oxygen transport and tissue perfusion may be
the reason for the sufficient renal perfusion in rats.
Dextran 40 increases microcirculatory flow because of
reduced red cell slugging, volume expansion, and he-
modilution induced reduction in blood viscosity and
increased cardiac output.24 Dextran 40 treatment, similar
to whole blood, greatly reduced the degree of morpho-
logic degeneration that occurred in the current study. The
cells were flattened and lined the basement membrane,
suggesting that the epithelium had extended over and

Fig 3. (A) Electron micrograph of a proximal tubule from a D40-treated rat shows mild cellular edema and mitochondrial swelling. Basal

lamina appears normal (lead citrate-uranyl acetate, original magnification �7,000). (B) Electron micrograph of a proximal tubule from a

WB-treated rat shows mild cell injury in present in the tubular epithelium. The architecture of proximal tubule is relatively well preserved, and

luminal membrane is normal. Vacuolization is only focal in extent. The basement membrane is normal. The brush border is generally intact (lead

citrate-uranyl acetate, original magnification �7,000). (C) Electron micrograph of glomerulus from a WB-treated rat shows widely patent

capillary loop with an absence of platelets or fibrin and a normal basement membrane. There is a very minor degree of deformity of some

epithelial foot processes (lead citrate-uranyl acetate, original magnification �8,000). (D) A light microscopic section from a WB-treated rat

shows normal glomerular structure and interstitial area. Note mild dilatation in proximal tubules (Methylene blue, original magnification �41).
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recovered areas of denudation. In fact, the reappearance
of brush border microvilli and the apparent extension of
the epithelial cells to cover previously denuded basement
membrane would suggest that the process of repair and
regeneration had begun in the dextran 40–treated ani-
mals. The brush border recovery during this period
probably reflects a reversal of shock-induced luminal
membrane internalization, not new membrane resynthe-
sis, because resynthesis would require hours to develop.
It is possible that the sloughed brush border blebs were
reabsorbed, degraded, or excreted. No evidence of glo-
merular alteration was, however, seen in either whole
blood or dextran 40–treated rats.

Postischemic kidney recovery interval is not clear in
the literature. Gaudio et al14 suggested that cellular
damage continues to occur for 6 hours after 45 minutes
of bilateral renal artery occlusion with resuscitation of
ATP-MgCl2. Moreover, Frank et al25 claimed that evi-
dence of renal damage might be observed up to 72 hours
after 45 minutes of bilateral renal pedicle occlusion
without resuscitation. On the other hand, Zager7 showed
significant decrease in renal morphologic damage by 30
minutes of postshock period in rats subjected to hemor-
rhagic shock by decreasing arterial blood tension to 35 to
40 mmHg for 25 minutes. The reason for this different
recovery interval in the literature and in our study is
possibly because of different modalities as well as the

time period of choice for renal ischemia and different
resuscitation fluid used. In our opinion, the reason for
relatively long-term observation of renal damage in these
2 studies mentioned above might be because of complete
occlusion of bilateral renal arteries instead of inducing
hemorrhagic shock, which still allows kidney perfusion
at least partially. The rapid recovery observed in both
whole blood and dextran 40–treated rats may suggest the
importance of timely and effective resuscitation with
prompt fluid in restoration of renal damage induced by
hemorrhagic shock in rats.

This limited study suggests that the characteristic
ultrastructural features of hemorrhagic shock appear to
be severe tubular degeneration and mild to moderate
changes in glomeruli. Resuscitation of hemorrhagic
shock with whole blood or dextran 40 solution appears to
be a most favorable therapy in rats; they prevent isch-
emic damage and subsequent deterioration in kidney,
resulting in an enhancement of the repair and restoration
of cellular integrity and capillary circulation. These en-
couraging short-term results need to be confirmed after
prolonged periods of reinfusion and ischemic time as
well. More work is necessary to elucidate the mecha-
nisms of damage in this model, and more detailed knowl-
edge on physiologic and biochemical parameters in an-
imals suffering from shock is necessary.
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4. Akin Z, Tuncel N, Gürer F, et al: Effect of vasoactive intestinal
peptide and naloxane combination on urinary N-Acetyl-�-D-Glu-
cosaminidase level and kidney histology of rats exposed to severe
hemorrhage. Pharmacology 47:194-199, 1993

5. Sato T, Kamiyama Y, Jones RT, et al: Ultrastructural study on
kidney cell injury following various types of shock in 26 immediate
autopsy patients. Advances in Shock Research 1:55-69, 1979

6. Kreimeier U, Brückner UB, Niemczyk S, et al: Hyperosmotic
saline dextran for resuscitation from traumatic-hemorrhagic hypoten-
sion: Effect on regional blood flow. Circulatory Shock 32:83-99, 1990

7. Zager RA: Adenine nucleotide changes in kidney, liver, and small
intestine during different forms of ischenic injury. Circu Res 68:185-
196, 1991

8. Bar-Joseph G, Safar P, Saito R: Monkey model of severe volume-
controlled hemorrhagic shock with resuscitation to outcome. Resusci-
tation 22:27-43, 1991

9. Cambier C, Ratz V, Rollin F, et al: The effects of hypertonic
saline in healthy and diseased animals. Veterinary Research Commu-
nications 21:303-316, 1997

10. Virgilo RW, Rice CL, Smith DE, et al: Crystalloid vs. colloid
resuscitation. Is one better?: A randomized clinical study. Surgery
85:129-139, 1979

11. Kaufman BS: Fluid resuscitation, in Carlson RW, Geheb MA
(eds): Principles–Practice of Medical Intensive Care. Philadelphia, DA,
Saunders, 1993, pp 129-150

12. Haab F, Julia P, Nochy D: Improvement of postischemic renal
function by limitation of initial reperfusion pressure. J Urol 155:1089-
1093, 1996

13. Yin M, Kurvers AJM, Tangelder GJ: Ischemia-reperfusion in-
jury of rat kidney relates more to tubular than to microcirculatory
disturbances. Renal Failure 18:211-223, 1996

14. Gaudio K, Ardito TA, Reilly HF: Accelerated cellular recovery
after an ischemic renal injury. Am J Pathol 112:338-346, 1983

15. Friedman H, Devenuto F, Lollini L: Morphologic effects of
following massive exchange transfusions with a stroma-free hemoglo-
bin solution. Lab Invest 40:655-667, 1979

16. Collins JA, Braitberg A, Butcher HR: Changes in lung and body
weight and lung water content in rats treated for hemorrhage with
various fluids. Surgery 73:401-411, 1973

17. Turhanoglu S, Kaya S, Kararmaz A, et al: Lung perfusion in
hemorrhagic shock of rats: The effects of resuscitation with whole
blood, saline or HES 6%. Tohoku J Exp Med 195:245-251, 2001

18. Lazrove S, Waxman K, Shoemaker WC: Hemodynamic, blood
volume and oxygen transport responses to albumin and hydroxyethly
strach infusions in critically ill postoperative patients. Crit Care Med
8:302-306, 1980

19. Haipt MI, Rackow EC: Colloid ostomic pressure and fluid
resuscitation with hetastarch albumin and saline solutions. Crit Care
Med 10:159-162, 1982

20. Waxman K, Holness R, Tominaga G, et al: Hemodynamic and

1648 ONEN ET AL



oxygen transport effect of pentastarch in burn resuscitation. Ann Surg
209:341-345, 1989

21. Appel PL, Shoemaker WC: Evaluation of fluid therapy in acute
respiratory failure. Crit Care Med 9:862-869, 1981

22. Kickler TS: Blood baking and transfusion principles in critical
care, in Carlson RW, Geheb MA (eds): Principles—Practice of Medical
Intensive Care. Philadelphia, PA, Saunders, 1993, pp 1387-1393

23. Julia P, Haab F, Sabatier B: Improvement of postischemic

kidney function by reperfusion with a specifically developed solution.
Ann Vasc Surg 9:81-88, 1995

24. Falk JL, Rackow EC, Weil MH: Colloid and crystalloid fluid
resuscitation, in Shoemaker WC (ed): Textbook of Critical Care.
Philadelphia, DA, Saunders, 1989, pp 1055-1073

25. Frank RS, Frank TS, Zelenock GB, et al: Ischemia with inter-
mittent reperfusion reduces functional and morphologic damage fol-
lowing renal ischemia in the rat. Ann Vasc Surg 7:150-155, 1993

1649RENAL DAMAGE AFTER RESUSCITATION OF SHOCK


	Effects of Whole Blood, Crystalloid, and Colloid Resuscitation of Hemorrhagic Shock on Renal Damage in Rats: An Ultrastructural Study
	MATERIALS AND METHODS
	RESULTS
	Sham Operative Group
	Control Group
	Normal Saline and Lactate Ringer Groups
	HES 6% and HES 10% Groups
	Dextran 40 Group
	Whole Blood Group

	DISCUSSION
	REFERENCES


