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Summary 

lntralymphatic end pressure and Starling pressures 
(interstitial fluid pressure (Pif), plasma and inter
stitial fluid colloid osmot ic pressures (COPpl and 
COPif)) were measured in leg subcutaneous tissue 
in 5 patients with local leg edema following femoro
popliteal reconstruction for lower limb atheroscle
rosis. Superficial lymphatics were cannulated proxi 
mal to the ankle and the catheter was connected 
to either syringes for determination of lymph flow 
and colloid osmotic pressure (COPI), or to a pres
sure transducer for measurement of intralymphatic 
end pressure . Samples of interstitial fluid were col 
lected by implantation of nylon wicks and Pif was 
measured by the "wick-in-needle" technique. 

In all patients normal end pressure waves with maxi
mum values ranging between 30 and 40 mmHg were 
recorded, indicating that the ischemia prior to sur
gery had not significantly affected the intrinsic 
mechanism for lymph propulsion. COPif of the 
operated leg averaged 5.7 mmHg ± 1.0 which was 
0.9 mmHg ± 0.7 higher than the corresponding 
COP1. This supports the theory of "preferential 
channels" between the capillaries and the lymphatics. 

There was a statistically significant correlation be
tween lymph flow and estimated capillary pressure 
(reabsorption pressure) , capillary filtration coeff i
cient, calf blood flow and Pif · According to this 
study the capillary pressure should at least be 11 
mmHg before production of lymph occurs. 

Introduction 

The edema commonly seen following arterial 
reconstruction for lower limb atherosclerosis 
(1) is mainly located within the subcutaneous 
tissue (2) and may last for several months. 
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The etiology of this edema is proposed to be 
disruption of lymph channels during the oper
ation with resultant lymphedema (3 , 4, 5, 6) 
and increased filtration from the capillaries 
which are suddenly exposed to high pressure 
(7, 8, 9). 

Olszewski and Engest!t (10, 11) have demon
strated intrinsic contractility of leg lymphatics. 
This intrinsic pumping mechanism is supposed 
to be the dominant factor for propulsion of 
lymph from lower limb subcutaneous tissue 
against a hydrostatic gradient. 

In addition to operative dissection trauma in 
patients operated for lower limb atherosclero
sis the ischemia prior to surgery may have in
fluenced the function of the lymph vessels. 
A general perturbation of lymph vessel con
tractility and ensuing reduction in lymph flow 
capacity may increase the risk of developing 
functional lymphatic obstruction and edema 
formation. In patients operated on for lowe·r 
limb atherosclerosis this could be of special 
importance because increased transcapillary 
fluid filtration (increased capillary filtration 
coefficient, CFC) is generally found in these 
patients (12) increasing the need for lymphatic 
drainage capacity. 

The aim of the following investigation was to 
evaluate the lymph vessel function and study 
the transcapillary forces (Starling forces) in 
patients with local leg edema following recon
structive surgery for lower limb atherosclerosis. 
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Material and Methods 

The study includes 5 female patients with a 
mean age of 70 years {67- 75). They all had 
local leg edema following femoropopliteal ar
terial reconstruction for lower limb athero
sclerosis. 

All patients received intraoperative anticoagu
lation consisting of 3000 IE Heparin® but no 
colloids as Dextran or albumin were given. 
The day of operation they received an aver
age of 4000 ml of crystalloids usually con
sisting of 1000 ml isotonic saline solution 
{155 mMol/1) and 3000 ml Ringer's Lactate 
{130 mMol/1). 

The patients were mobilized on the second 
P?stop~rative day, and were given regular p.o. 
diet pnor to the operation and from the first 
postoperative day. All measurements were 
performed with the patient's informed con
sent. 

Lymph vessel cannulation 

One of the subcutaneous lymphatics were 
cannulated approximately 15 em above the 
ankle joint as described by Engeset and co
workers {13). Using microsurgical technique 
a lymph vessel was dissected for approximate
ly 1 em using local anaesthesia {Xylocain® 
adrenalin, Astra , 5 mg/ml + 5 J.Lg/ml) follow
ing visualization with Patent Blue-Violet. Can
nulation was performed with a 20-- 25 em 
polyethylene tube with an outer diameter of 
1.1 rnm {PP 60, Portex Limited, Hythe Kent, 
England). Before use one end of the tube had 
been heated, pulled out to decrease its dia
meter and siliconized. It was then sterilized 
in 2 % cetyl pyridinium chloride (Pyrisept®) 
for at least 24 hours . Prior to insertion the 
tubes were flushed with sterile isotonic saline 
solution. 

Lymph was collected in sterile syringes which 
were taped to the leg at approximately the 
same level as the cannulation. The syringes 
were changed several times a day and the 
lymph flow per hour was measured. The re
sults in this study are referring to the meas
urements of the second or third day after 
cannulation. 

Intralymphatic end pressures were recorded 
by connecting the catheter to a pressure trans
ducer {Statham P 23 Db). The signals were 
amplified and recorded by a Watanabe Mark 
V linear recorder. Pressure measurements were 
standardized to a zero baseline at the level of 
the internal opening of the cannula. Lymphatic 
pressures were measured with the subjects in 
supine position. 

Interstitial fluid hydrostatic pressure {Pu) was 
measured on the distal antero-lateral aspect of 
the leg with the "wick-in-needle" technique 
{14, 15). Hypodermic needles {0.8 rnm OD, 
40 mm length) were provided with a 3-4 mm 
side-hole about 7 rnm from the tip, filled with 
a loosely packed cotton tread and sterilized 
by gamma irradiation. During measurement 
the needles were connected via a polyethylene 
tube to a pressure transducer with a small vol
ume displacement (Statham P 23 Db). 

The edema was quantified from surface meas
urements regarding the leg as a truncated cone . 
The method has previously been compared 
with direct water volumetry {16). The tech
nique is based on the assumption that the 
edema is unilateral and that initial volume of 
the two legs are equal. Edema is then ex
pressed as percentage increase in leg volume. 

Interstitial fluid colloid. osmotic pressure 
{COPir) was measured by the "wick method" 
previously described {17, 18). Four double
stranded nylon wicks {0.8 mm, 210 fibers) 
were sewn subcutaneously at a length of 3- 4 
em on the distal antero-lateral aspect of the 
leg approximately 10 to 15 em above the 
ankle. A small dose {0.05 ml) of local anaes
thesia {Xylocain®, Astra, 20 mg/ml without 
adrenaline) was given where the needles were 
inserted and pulled out. After an implantation 
period of 1 hour the wicks were pulled out 
and the wick fluid isolated as described by 
Johnsen ( 19). The colloid osmotic pressure 
was measured by a small sample oncometer 
active to proteins with .a molecular weight 
above 30000 dalton . 

Plas"? colloid osmotic pressure (COPp1) was 
obtruned by cannulating a cubital vein and a 
plasma sample was transferred to the oncome
ter. 
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The force opposing filtration (reabsorption 
pressure , Pr) is defined as: COPpl - COPir + 
Pif· At filtration equilibrium (i.e. filtration 
equals reabsorption) Pr should be of the same 
magnitude as the capillary pressure (Pc) (20, 21). 

Colloid osmotic pressure of lymph (COP1) 
was measured in lymph samples from the col
lecting syringes. The values therefore repre
sent an average from each collecting period. 
The values referred to in Table 1 represent 
the lymph obtained at the time of the COPi r
measurements. 

Calf blood flow and capillary filtration coef 
ficient (CFC) were measured by strain-gauge 
plethysmography (22) using a double mercury 
in rubber strain-gauge (Loosco Plethysmo
graph, G.L. Loos & Co., Amsterdam, Holland) 
encircling the thickest part of the leg. To 
prevent deformation of the skin underneath 
the strain-gauges these were supported by 
15- 20 regular matches. A venous occlusion 
cuff placed at the thigh was rapidly inflated 
to a pressure of 50 mmHg and leg volume in
crease was recorded (Watanabe Mark V linear 
recorder). From the initial slope of the vol
ume curve arterial blood flow was calculated. 
CFC was calculated from the volume increase 
following 3- 6 minutes of venous stasis and 
expressed as ml/min • 100 g of tissue· mmHg 
increase in fil tration pressure . 

ln two of the patients only one of the two 
parameters CFC and Pir was obtained because 
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of technical problems connected with the 
measurements. 

All measurements were carried out in a room 
with an air temperature of 23 - 25 °C. 

Statistics 

The results were analyzed according to stand
ard statistical methods including Student's 
t-test for paired data with 5 % as the level of 
significance. Regression lines were calculated 
with the least squares method. 

Results 

In all subjects the maximum (systolic) intra
lymphatic end pressure waves ranged between 
30 and 40 mmHg. The pattern of the pressure 
waves varied from one patient to another 
(Fig. 1 and 2) as well as with time in the same 
patient. When the cannula was connected to 
the pressure transducer the intralymphatic 
pressure gradually increased. After the pres
sure had reached a threshold, rhythmic pulsa
tions appeared. The threshold pressure varied 
between 5 and 15 mmHg. The intralymphatic 
pressure was not significantly influenced by 
voluntary muscle contractions producing only 
small artifacts on the pressure curves (Fig. 3). 
Manual compression of the foot did , however, 
usually produce increased intralymphatic pres
sure and flow as visualized by increased num
ber of droplets per time unit at the catheter 
opening when disconnected from the pressure 
transducer. 

1 min. 

Fig. 1 lntralymphatic pressure pat
tern recorded from superficial lym
phatics of the lower leg of a patient 
(pat. no. 1, Table 1) with local leg 
edema following arterial reconstruc
tion for lower limb atherosclerosis. 
The measurement was performed in 
supine position during complete 
rest. The cannula was placed in t he 
distal part of the lymph vessel 
against the direction of flow and 
therefore end pressure was recorded 
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1 min . 

Fig. 2 lntralymphatic end pressure 
tracing (pat. no. 4) recorded as in 
Fig. 1. Note that pulsations appear 
after the pressure had reached a 
certain level (threshold pressure) 

1 min. 
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During a 24-hour period lymph flow ranged 
between 0.6 and 2.8 ml/h (mean 1.24 ml/h ± 
0.9 (SD), Table 1 ). There was, however, di
urnal variation related to the level of physical 
activity as seen in Fig. 4. Upright position or 
walking was generally associated with a lymph 
flow 3 to 4 times the value obtained when 
the patient was relaxing in horizontal position. 
There was a statistically significant positive 
correlation between lymph flow and CFC, 
Pir, calculated capillary pressure (Pr) and ar
terial calf blood flow (Fig. SA, B, C and E). 
The correlation between calf blood flow and 
CFC was also statistically significant (5D). 
According to the regression line in Fig. 5E 
the capillary pressure should be at least 11 
mmHg before any lymph flow occurs. 

COPir of the operated leg averaged 5.7 mmHg 
± 1 .0 which was 0.9 mmHg ± 0.7 higher than 
the corresponding COPt (p = 0.02), but not 
significantly different from the contralateral 

Fig. 3 lntralymphatic end pressure recorded 
as in Fig. 1 during strong voluntary muscle 
contractions (pat. no. 1). The measurement 
indicates that such maneuvers do not signifi
cantly affect the intralymphatic pressure 
when measured in extrafascial lymphatics 

leg. COPt varied somewhat during the day 
(Fig. 4). A period with low lymph flow was 
generally associated with or followed by in
creased COPt but the variation was moderate. 
To obtain comparable results the measure
ments of COPir and COPt were therefore per
formed at the same time, usually between 2 
p.m. and 4 p.m. 

Discussion 

The intralymphatic pressure recordings revealed 
values similar to those reported from healthy 
controls (11). In patients operated for athero
sclerosis both threshold pressure (the intra
lymphatic pressure necessary to produce spon
taneous contractions) and systolic pressure 
were normal. All pressure recordings were per
formed in horizontal position and hence no 
hydrostatic pressure component was present. 
Thus, the results from the present investiga
tion do not support the hypothesis that affec-
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Table 1 Transcapillary and lymphatic forces in five female patients with edema after femoro-popliteal re-
construction for lower limb atherosclerosis. The values in parenthesis represent measurements from the con-
tralateral leg 

Days Calf 
Pat. after COP if- blood Lymph 
no. Age surg. Edema Pif COP pi COP if Pr COP1 COP1 CFC f low flow 

70 11 24 % +1 .0 25.5 6.7 19.8 5.0 1.7 2.7 3.6 1.4 
(-0.5) (6.4) (18.6) (1.7) (1 .2) 

2 67 9 60 % +2.0 28.7 4.7 26.0 3.4 1.3 4.5 4.2 2.8 
(-1.0) (4.9} (22.7} (1.7) (1.6) 

3 75 14 18 % +1.0 17.7 4 .7 14.0 4.8 -0.1 0.6 
(- 1.0} (5.8) (10.9} 

4 69 11 20 % 24.5 6.3 5.5 0.8 2.0 1.4 0.8 
(5.8} (1.5) ( 1.1) 

5 69 9 15 % +0.5 19.7 6.3 13.9 5.3 1.0 1.3 0.9 0.6 
(- 0 .5) (6.3) (12.9) (2.0) (1 .3) 

Pif = interstitial fluid pressure (mmHg) 
= colloid osmotic pressure of plasma (mmHg} COP pi 

COP if = colloid osmotic pressure of interstitial flu id (mmHg) 
Pr = calculated reabsorption pressure = COPpl - COPif + Pif (mmHg) 

= colloid osmotic pressure of lymph (mmHg) COP1 
CFC = capillary filtration coefficient (ml/min • 100 g • mmHg) • 103 
Calf blood flow (ml/min • 100 g) 
Lymph flow = average value during 24 hours (ml /h} 
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tion of intrinsic mechanisms for lymph pro
pulsion is of importance for the development 
of postoperative edema following arterial re
construction of the lower limbs. 

The intralymphatic pressures observed in this 
study represent end pressures because of the 
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Fig. 4 Measurement of lymph col 
loid osmotic pressure and lymph 
flow during a period of 40 hours in 
a pat ient with local leg edema (pat. 
no. 1) . Lymph flow was positively 
correlated to the indicated level of 
physical act ivity : at rest in horizon
tal position, standing (orthostatic 
load) and walk ing within the hospi
tal ward. The interrupted line re
presents the average lymph collo id 
osmotic pressure. In the period 
14- 16 hours (2 p.m.- 4 p.m.) the 
colloid osmotic pressure of the sub
cutaneous interstitial fluid near the 
site of cannulation was measured, 
and the value was 1.7 mmHg h igher 
than in the lymph 
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flow obstruction caused by the recording de
vice . The values thus probably represent the 
maximum pressures that could be produced 
in the lymphatics. Lateral pressures recorded 
when both lymphatic endings are cannulated 
and free flow is allowed through a T-tube 
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Fig. 5 Correlation between the fol 
lowing parameters in patients with 
local leg edema following arterial 
reconstruction for lower I i mb athe
rosclerosis : lymph flow (ml /h), calf 
blood flow (ml/min • 100 g), inter
stitial fluid pressure (Pif: mmHg), 
capillary filtration coefficient (CFC: 
ml /min • 100g • mmHg • 1Q·3) and 
calculated reabsorption pressure 
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(which is similar to pressure recording in an 
intact lymph vessel) is smaller, approximately 
I /3 of the end pressure (11 ). 

The average lymph flow was almost twice the 
value previously measured in control subjects 
by Engeset and co-workers (13, 0.78 rnl/h). 
The measured lymph flow does not necessari
ly represent the flow in that particular vessel 
before cannulation. If the lymphatics had 
been disrupted at the knee or the groin level 
during the operation, there could be a negli
gible flow before the system was opened dur
ing the cannulation. On the other hand the 
close correlation between lymph flow and the 
filtering promoting factors (calf blood flow 
and capillary pressure) contradicts that the 
observed flow is merely drainage of the accu
mulated subcutaneous edema. The statistically 
signHicant correlation between lymph flow 
and CFC supports this view, indicating that 
the increased lymph flow is the result of in
creased fluid transport across the capillaries. 

t The lower colloid osmotic pressure of lymp~ 
compared to interstitial fluid found in this 
study does not support the theory of concen
trating ability of the lymphatic vessels (23). 
It is, however, in favor of the idea of "pre-
ferential channels" which was first postulated 
by McMaster and Parsons (24, 25) and later 
by Bill (26). According to their hypothesis, 

·'l continuous, unrestricted channels leading from 
the capillaries to the lymphatics may trans-

1 

1 

P;, 

(Pr : mmHg). In all parts of the 
figure the positive correlat ion be
tween the parameters was statisti
cally significant 

port a fluid with a protein concentration dif- 7 
ferent from the fluid in the interstitial gel 
matrix. However, no fmal conclusion about 
these theories can be drawn from the present 
investigation since COP, and COPif may have 
been measured in fluid samples obtained from 
different areas. Major lymphatics proximal to 
the ankle drain skin , subcutaneous tissue and 
presumably muscular fascia of the foot and 
ankle (27), whereas the wick fluid in our 
measurements mainly represents subcutaneous 
tissue fluid proximal to the ankle. Further-
more , the wick fluid probably reflects the ./ 
mean colloid osmotic pressure of both inter-
stitial gel matrix and the hypothetical "chan-
nel fluid". 

Because of the relatively low velocity of lymph 
transported through the cannula, the fluid 
collected in the syringe represents interstitial 
events somewhat earlier. COP, does , however , 
vary little throughout the day so this "time 
error" is small (in Fig. 4 when measurement 
of COPir was performed COP, actually equalled 
the preceding period). 

The calculated Pr is at filtration equilibrium 
(filtration equals reabsorption) assumed to be 
equal to Pc. Actually Pc > Pr, but the differ
ence is estimated to be in the order of 0.5 
mmHg at normal conditions (28). In a situa
tion with net transcapillary flltration the un
derestimation of P c is larger. Consequently 
the lower value of P c where net filtration oc-
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cur (i.e. lymph is produced) may therefore 
be above 11 mmHg. 

The positive correlation between Pif and 
lymph flow may indicate that this pressure 
plays an important part in the filling of initial 
lymphatics. 

Arterial calf blood flow is affecting lymph 
flow formation probably by its influence on 
P c and CFC (29). Two factors are of major 
importance for CFC: The permeability (hy
drodynamic conductivity) of the capillary 
wall and the capillary surface area. Although 
changes in capillary permeability may be pre
sent in tissues being exposed to ischemia (30}, 
the increased CFC is probably due to increa ed 
capillary surface area caused by a reduction 
in precapillary resistance following the arterial 
reconstruction (31 ). 

Ln conclusion the mechanism for lymph pro
pulsion in patients with edema following ar
terial reconstruction seems to be intact. If 
edema is produced by insufficient lymph trans
port capacity this is likely the result of 
lymph vessel destruction during the surgical 
procedure . 
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