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After occlusion of the renal artery the blood flow is maintained in the ischemic kidney by col-
lateral vessels, but the oxygen and glucose utilization per unit volume of renal blood flow is
considerably increased. During the 24 h immediately after removal of the occlusion to the
renal artery after 4 h of ischemia of the kidney the circulation in the organ is not completely
restored. The renal blood flow is maintained at a level somewhat lower than originally and
the resistance of the renal vessels remains above normal.

The writers have shown previously [2] that despite its relatively small size the collateral blood flow
in the kidney has a distinctly favorable effect on the outcome of acute renal ischemia.

The object of this investigation was to study some of the mechanisms possibly promoting a favorable
outcome of acute ischemia of the kidney when the collateral renal circulation is preserved.

EXPERIMENTAL METHOD

Ischemia of the left kidney for 4 h was produced in 19 dogs under pentobarbital anesthesia (25 mg/kg)
by applying a rubber-covered hemostat to the renal artery leaving the main sources of the collateral renal
blood flow intact. The blood flow [2], vascular resistance [1], and the consumption of oxygen and glucose
were determined in the test kidney, exteriorized through a lumbar incision. The pressure in the abdominal
aorta was recorded with an electromanometer and the venous pressure in the left renal vein by Waldman's
apparatus; the blood oxygen saturation was measured with the OSM I apparatus (Radiometer, Denmark) and
the parameters of the acid-base balance with the ABC-1 micro-Astrup apparatus (Radiometer, Denmark).

Knowing the blood O, saturation and hemoglobin concentration the absolute O, content per unit volume
of arterial blood and of venous blood flowing from the test kidney could be calculated [6].

Consumption of O, and glucose by the kidney was calculated from the arteriovenous difference and the
blood flow. The blood glucose concentration was determined by an enzymic method [5]. The values of the
renal blood flow and the oxygen and glucose consumption were expressed per 100 g weight of kidney tissue.

EXPERIMENTAL RESULTS

The experimental resulis given in Table 1 show that throughout the period of ocelusion of the main
renal artery the blood flow in the ischemic kidney was maintained by collateral vessels,and that Oy was
utilized by the kidney tissue. The arterio-venous difference for O, increased considerably under these con-
ditions. By the end of the 4th hour of ischemia it was 5.7 times higher than initially.
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Indices of Hemodynamics, Acid-Base Balance, and O, and Glucose Consumption in the Kidney during

Acute Occlusion of Its Artery and in the Early Postischemic Period (M + m)

TABLE 1.
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*P < 0.05, TP < 0.01, 1P < 0.001 compared with initial values.

The increase in the extraction of oxygen per unit volume of
inflowing blood is evidently an important adaptive response aimed
at reducing renal hypoxia. As a result of this response the O, con-
sumption of the ischemic kidney was reduced much less propor-
tionately than the volume velocity of the renal blood flow. It must
be borne in mind that during occlusion of the renal artery the oxy-
gen consumption of the ischemic kidney was reduced because of
cessation of the active sodium reabsorption in its tubules, a proc-
ess requiring a considerable expenditure of energy in the intact
organ [12]. In the absence of active sodium reabsorption (basal
respiration) the oxygen demand of the kidney is about 100 pmoles/
min/100 g tissue [10].

The present experiments showed that the respiration of the
kidney at the end of 4 h of ischemia was about one-third of the
basal O, consumption.

The presence of a collateral circulation,the increase in the
utilization of oxygen and glucose by the ischemic kidney per unit
volume of the blood flow, and also the decreased energy require-
ments of the kidney are evidently together largely responsible for
the favorable results of operative treatment of thrombosis and
embolism of the renal artery, which as a rule is carried out sev-
eral hours after the onset of acute vascular occlusion [7-9, 11].

At the same time, fotal ischemia of the kidney arising during
transplantation of the organ is known to lead to very serious func-
tional and structural changes in the ischemic kidney after only 1
h at the normal body temperature {4].

Consequently, the level of energy metabolism maintained in
the kidney tissue by the collateral circulation and by increased
utilization of oxygen and glucose per unit volume of inflowing blood
is sufficient to substantially delay the development of changes
caused by ischemia in the kidney when the main artery is occluded.
However, the collateral blood flow can only partly satisfy the kid-
ney's requirements of O,, and for this reason occlusion of the
renal artery must inevitably lead to the development of metabolic
acidosis in the organ. :

After removal of the occlusion to the renal artery the acid-
base balance in the blood flowing from the ischemic kidney was
restored to normal and gradual recovery of the arterio-venous
difference for oxygen and glucose was observed. Although in the
early postischemic period the renal circulation was not fully re-
stored (the volume velocity of the blood flow remained below its
initial level and the resistance of the renal vessels remained in-
creased), nevertheless the resulting circulating blood volume
satisfied the necessary conditions for the development of repair
processes in the ischemic organ. Previous experiments by the
writers {2, 3] showed that the function of the ischemic kidney is
largely restored to normal after occlusion for 4 h; the compen-
satory powers of the kidney are restored.
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