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The renal lymphatic system has been 
suggested to function as a safety valve 
mechanism protecting the kidneys from ex- 
cessively high intrarenal pressures during 
diuresis or urinary tract obstruction ( 1 ) . 
This hypothesis seems likely since renal 
damage has been reported to follow lym- 
phatic obstruction (2) .  Further, it has been 
shown that changes in renal lymph pressure 
follow those of other intrarenal pressures 
when the latter are increased by a variety 
of means (3, 4). Interruption of free lymph 
drainage in such experiments is of minimal 
importance since only one of ten or  more 
lymph vessels (5) is utilized for pressure 
measurement. In the present experiments, 
the safety valve hypothesis of renal lym- 
phatic function is tested by monitoring in- 
trarenal pressures before and during com- 
plete renal lymphatic obstruction. 

Methods. Mongrel dogs (20-30 kg) were 
anesthetized with intravenous sodium pento- 
barbital (30 mg/kg), and the left kidney 
was exposed through a flank incision. The 
left ureter was exposed and catheterized 
with polyethylene tubing for collecting 
urine, and the femoral vein was catheterized 
to facilitate administration of additional 
anesthetic as needed. Lymphatic obstruction 
was accomplished in experimental dogs by 
ligating all observable hilar lymphatic ves- 
sels and ligating the fatty tissue at both poles 
of the kidney. In  dogs used for control data 
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care was taken to prevent interruption of 
normal lymph drainage. Capsular and hilar 
renal lymph pressure and renal subcapsular 
pressure (estimate of total tissue pressure) 
were measured as previously described (4). 
Intrarenal venous pressure was obtained 
via a catheter inserted through the renal 
vein wall and advanced into the venous 
system of the kidney. Criteria for proper 
catheter tip placement were those of Hin- 
shaw (6). All pressures were continuously 
monitored using appropriate strain gages 
and a multichannel polygraph. After ob- 
taining the initial observations 30 min after 
lymphatic obstruction, intrarenal venous 
pressure was elevated in increments of 10 
mmHg by increasing tension on a suture 
passed around the renal vein. Additional 
observations were made 120 min after lym- 
phatic ligation in a separate series of ex- 
periments. All animals undergoing 2 hr 
lymphatic ligation received sustaining infu- 
sion of 9% NaCl at 2 ml/min. 

Results. As shown in Table I, renal lym- 
phatic obstruction caused a significant in- 
crease in capsular lymph pressure (LcP) 
after 30 min, but not after 120 min. Al- 
though increased, hilar lymph pressure 
(LHP) was not significantly different ( p  > 
0.05) from control 30 min following lym- 
phatic obstruction. Intrarenal venous pres- 
sure (IRVP) and subcapsular pressure 
(SCP) were unchanged at both 30 and 120 
min. 

Table I1 shows increases in SCP, LcP, 
and L,P which accompany 10 mmHg in- 
crements of IRVP. Relative changes are 
shown for control (patent lymphatics) arid 
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TABLE I. Capsular and Hilar Renal Lymph Pressurc, Subcapsular Pressure arid Intrarenal 
Venous Pressurc. Control Observations Are Compared with Those Obtained 30 and 120 Min 

Following Renal Lymphatic Obstruction (n  = 5) .  

Control 30 min 120 min 

Capsular lymph 
Pressurc (mmHg) 

Hilar lymph 
Pressure (mmHg) 

Subcapsular 
Pressure (mmHg) 

IRVP 
(mmHg) 

- 
X 

SE 
- 
X 

SE - 
X 

SE 
- 
X 

SE 

9.6 
1.4 

10.2 
2.3 

21.2 
3.1 

27.8 
7.2 

13.6* 
0.9 

17.8 
2.6 

21.6 
4.2 

20.4 
2.7 

11.2 
3.1 

- 

15.9 
1.3 

26.0 
3.7 

* p < 0.05. 

experimental (renal lymphatic occluded) 
animals. Absolute values for these param- 
eters before IRVP alteration are those 
shown in the first two columns of Table I. 
Each increment in TRVP was accompanied 
by a rapid increase in each of the other 
parameters. In addition, no statistical dif- 
ference could be detected between responses 
of control animals and those of animals hav- 
ing renal lymphatic obstruction ( p  > 0.05). 

Discussion. Failure of acute renal lym- 
phatic obstruction to cause significant 
changes in renal SCP and IRVP argues 
against an important safety valve function 
for these vessels. It was noted that SCP, 
IRVP, and LP are relatively stable for pe- 
riods up to 2 hr following lymphatic ob- 
struction. If renal lymphatic obstruction 
were to result in increased intrarenal pres- 
sures due to loss of the lymphatic “safety 
valve,” then the pressure changes should be 

TABLE 11. Changes in Subcapsular Pressure 

evident within the time period studied. In 
previous work (7)  it was found that IRVP 
increases produced by partial obstruction 
of renal venous outflow caused rapid and 
profound increases in both SCP and renal 
lymph pressure. These responses were un- 
changed following renal lymphatic obstruc- 
tion in the present study, again suggesting 
that renal lymphatic vessels are not pri- 
marily involved with regulation of intrarenal 
pressures. These findings are of particular 
interest since it might be argued that the 
renal lymphatic vessels function only during 
periods of accelerated lymph production. 
Previous investigators have found changes 
suggestive of renal edema following lym- 
phatic obstruction (8, 9).  The available 
data suggest that the results of such experi- 
ments may vary according to the animal 
species used and the time of effective lym- 
phatic obstruction. The rabbit kidney (8 )  

(ASCP) , Capsular (AL$) and Hilar (AL,P) 
Renal Lymph Pressure which Accompany 10 mmHg Increments in Intrarenal Venous Pressure 
(ATRVP) . Means and Standard Errors are Shown for Control Animals (C) with Patent Renal 

Lymphatic Vessels and Experimental Animals (E) with Occluded Renal Lymphatics. 

ASCP (mmHg) AL,P (mmHg) A L P  (mmHg) 

AIKVP C E C E C E 
min Hg n = 10 n = 10 n = 5  n = 6  - n = 5  n = 5  

11.7 -t- 1.6 9.4 +- 0.9 10.8 -t- 1.8 7.6 f 1.2 6.8 ?I 2.9 8.2 f 3.9 10 
20 24.6 2 3.3 18.8 t 1.5 23.2 -I 2.9 15.6 2 1.0 13.6 ?I 6.0 12.8 2 5.2 
30 34.2 -t- 3.8 28.7 -t- 2.0 34.3 k 3.4 26.8 k 1.9 20.8 k 8.5 21.4 f 6.1 
40 45.0 f 4.4 37.4 k 2.1 47.5 2 4.3 37.8 2 2.3 28.2 11.2 29.6 2 7.7 
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appears to be more susceptible to lymphe- 
dema than that of the dog (9). Further, the 
histological changes observed following pro- 
longed renal lymph stasis in the dog could 
result from interstitial accumulation of toxic 
products of tissue metabolism (2) rather 
than from pressure related changes. 

The moderate increases in capsular and 
hilar renal lymph pressures observed in dogs 
with obstructed renal lymphatic vessels 
(Table I), may not represent abnormally 
increased pressure in the renal tissue fluid 
compartment. Since lymph leaves the kid- 
ney by ten or more trunks (S),  it cannot 
be expected that the pressure within the 
lymph capillaries would be reflected in an 
extrarenal lymph trunk while other routes 
of egress are patent. Lymph stasis, however, 
would cause the lymphatic pressure mea- 
surements to approach lymphatic capillary 
and interstitial fluid pressures. As noted in 
Table I, capsular and hilar lymph pressures 
obtained during lymph stasis are substan- 
tially less than SCP. Further, these lymph 
pressures are well within the canine renal 
interstitial pressure range published by 
Gottschalk ( 10). 

Summary. Renal lymph pressure, intra- 
renal venous pressure, and subcapsular pres- 
sure were measured before and during com- 
plete renal lymphatic obstruction. These 
parameters were unchanged during lymph 

stasis. Further, the responses of these 
parameters to elevated renal venous pressure 
were unchanged following lymphatic ob- 
struction. It is concluded that the renal 
lymphatic system generally does not func- 
tion as a pressure “safety valve” but may 
function to relieve the renal interstitium of 
possibly toxic metabolic products. 
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