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Colloid osmotic pressure in plasma (COP,,) and in interstitial fluid (COP;;) was
measured in 18 healthy controls and 38 patients with leg oedema following
femoropopliteal arterial reconstruction. Interstitial fluid was collected from nylon
wicks which had been implanted subcutaneously for 1 h. Interstitial fluid pressure
was measured with the ‘wick-in-needle’ technique.

The patients were examined once in the period 1-16 days after surgery.
Twenty-three had oedema at the time of examination. Nearly all recordings of
patients with oedema were performed 4-16 days postoperatively. Mean increase
in leg volume in patients with oedema was 20% . Mean COP;, of the operated
extremity were 5.4, 6.8 and 7.5 mmHg in the periods 1-3, 4-7 and 8-16 days after
surgery, respectively. These values were lower than in controls (9.3 mmHg,
P<0.05).

Mean COP;;in the operated leg was 1.2 mmHg lower than in the contralateral
leg of patients without oedema. In patients with moderate oedema (<15% leg
volume increase) this difference was approximately three times higher. For more
extensive oedema the difference declined, and above 20% leg volume increase,
COP;; of nearly all legs operated on was higher than the contralateral. This
probably reflects an increased transcapillary fluid filtration in patients with mod-
erate oedema whereas lymphatic obstruction due to the surgical procedure is the
main causative factor in patients with extensive oedema.

Compared to the contralateral leg, mean increases in P;, of the leg operated on
were 0.6, 2.3 and 3.6 mmHg in the three investigation periods respectively. P;; in
operated legs in the two last periods was also higher than in controls (—0.7
mmHg, P<0.005). Increased P;; may thus contribute towards limiting oedema
formation postoperatively.

Key-words: arterial occlusive disease; colloid osmotic pressure; interstitial fluid
pressure; oedema; postoperative complication
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Oedema of the foot and leg is a common compli- tion [3, 81. The oedema is mainly subcutaneous
cation after femoropopliteal arterial reconstruc- [16] and may last for several months.
Several causes have been proposed: deep
0036-5513/83/0900-0381 $02.00 venous thrombosis [ 7], lymphoedema due to iat-
© 1983 Medisinsk Fysiologisk Forenings Forlag rogenic disruption of lymph vessels during the
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operation [4, 19] and increased net capillary fil-
tration when the microcirculation is suddenly
exposed to normal blood pressure after pro-
longed adaptation to low pressure [8, 9, 10].

The transcapillary fluid balance is governed

by the Starling forces across the capillary wall.
Any increase in interstitial fluid volume (AIFV)
is caused by a net capillary filtration (F) exceed-
ing lymphatic flow (L): AIFV= [ Fdt — [ L dr.
Net capillary filtration is described by the
equation:
F=CFC [(P.—Pyj)—c (COP,—COPy)l, (1)
where P. and P;; are hydrostatic pressures in the
capillaries and interstitial fluid respectively.
COP,, and COPj, are colloid osmotic pressures
of plasma and interstitial fluid, and o is the capil-
lary reflection coefficient. In subcutaneous tis-
sue o is probably between 0.9 and 1.0 [2]. The
capillary filtration coefficient (CFC) represents
the amount of net filtrate formed in 100 g of
tissue per min for each mmHg rise in net capil-
lary filtration pressure. This factor is probably
increased in patients with post-reconstructive
oedema [15]. The remaining factors in the Starl-
ing equation may affect the formation of local
oedema as follows:

1. Resetting of pre- and post-capillary resis-
tance to limit increase in P. [2].

2. Increase in P, may create a counter-
pressure acting against the capillary filtration
[2].

3. A reduction in COP;; is probably an impor-
tant oedema-preventing mechanism [1].

The aim of this investigation was to examine
the possible role of these factors in the formation
of local oedema in patients following arterial
reconstruction for lower limb atherosclerosis.

MATERIAL AND METHODS

The control group. This included 13 women and
five men with a mean age of 30 years (13-55)
and no signs of cardiovascular disease.

The study group. This consisted of 13 women
and 25 men with a mean age of 64 years (45-86)
examined once in a period 1-16 days (mean 6)
following femoropopliteal reconstruction for
atherosclerosis. For bypass graft material auto-
genous saphenous vein was used in 27 cases,
Dardik biograft® in five and PTFE (Gore Tex*)
in six patients. They had no clinical signs of
venous insufficiency. In no patients could deep

venous thrombosis be detected plethysmo-
graphically. Patients with heart failure, diabetes
or gangrene were excluded.

All patients received intra-operative anti-
coagulation consisting of 3000 IE Heparin® but
no colloids such as Dextran or albumin were
given during this investigation. On the day of the
operation the patients received an average of
4000 ml crystalloids usually consisting of 1000
ml isotonic saline solution (155 mmol/l) and
3000 ml Ringer’s Lactate (130 mmol/l).

The patients were mobilized on the second
postoperative day, and were given a normal
peroral diet until one day prior to the operation
and from the first postoperative day. All
measurements were performed with the
participants’ informed consent.

Ankle systolic blood pressure. This was
measured by Doppler ultrasound technique and
expressed as percentage of brachial pressure
(ankle pressure index, %) [21].

Interstitial  fluid colloid osmotic pressure
(COP;). This was measured by the ‘wick
method’ [6, 18]. Four double-stranded nylon
wicks (0.8 mm, 210 filaments) were sewn sub-
cutaneously at a length of 3-4 cm on the distal
anterolateral aspect of the leg 10-15 cm above
the ankle. A small dose (approximately 0.05 ml)
of local anaesthetic (Xylocain®, Astra, 20 mg/ml
without adrenaline) was given where the needles
were inserted and pulled out. After an implanta-
tion period of 1 h the wicks were pulled out and
the wick fluid isolated by centrifugation in
mineral oil. The colloid osmotic pressure was
measured by a small sample oncometer with a
membrane active to proteins with a molecular
weight above 30 000 daltons (Diaflo® PM 30
ultrafilter, Amicon, Lexington, USA).

Plasma colloid osmotic pressure (COP,;). This
was measured in blood drawn from a cubital vein
using the above mentioned oncometer.

Interstitial  fluid pressure (Pi). This was
measured on the distal anterolateral aspect of
the leg with the ‘wick-in-needle’ technique [5,
17]. Hypodermic needles (0.8 mm OD, 40 mm
length) were provided with a 3-4-mm side-hole
about 7 mm from the tip, filled with a loosely
packed cotton tread and sterilized by gamma
irradiation. The needles were connected via a
polyethylene tube to a pressure transducer
(Statham P 23 Db).

The force opposing filtration (reabsorption
pressure, P,, derived from eq. (1) is defined as:



a COP, — oCOP; + Py. When no net filtration
occurs (i.e. when filtration equals reabsorption)
P, is equal to capillary pressure.

In some of the patients only one of the two
parameters COP;; and P;; was obtained because
of problems (technical, bleeding) connected
with the measurements.

The clinical pitting oedema was quantified
from surface measurements regarding the leg as
a truncated cone. The method compared well
with the results obtained by water volumetry
[14]. The technique was based on the assump-
tion that the oedema was unilateral and that the
initial leg volumes were equal. Oedema was then
expressed as percentage increase in leg volume
of the operated side.

Statistics. The results were analysed according to
standard statistical methods including Student’s
t-test for paired and non-paired data. Regression
lines were calculated with the least squares
method.

RESULTS

Fifteen patients were studied in the period 1-3
days postoperatively. Of these, two had oedema
of the leg operated on. Twenty-three were
examined during the period 4-16 days after the
operation; 21 had oedema. Mean leg volume
increase in patients with oedema was
19.9+6.2% (=SD, n=23).

P, was 15.7=3.1 mmHg (= SD, n=18) in
controls (o assumed to be 1.0). In patients the
value obtained from the leg operated on was
higher for all periods than in the contralateral. P,
in the leg operated on was not different from
controls in the periods 1-3 and 4-7 days after
surgery, but significantly increased in the period
8-16 days postoperatively (Table I). On the
other hand, P, in patients with oedema was not
significantly different from the non-oedematous
group.

The results of COP and P;; measurements are
summarized in table I, showing a lower COP,, in
patients compared to controls (P<<0.01). Even
within the study group there were differences, as
COP,, in the first period (1-3 days) was lower
than in period 816 days postoperatively
(P<0.05).

COP;; of patients was significantly lower
bilaterally than in healthy controls (Table I).
The results corresponding to the different post-
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operative days are shown in Fig. 1. Except for
the measurement in the latest included period
(8-16 days postoperatively), mean COP;, of the
operated leg was always lower than the con-
tralateral values. COP;, of the operated leg was
lowest on the first postoperative day and
increased during the investigation period. In
patients without oede ma the difference in COP;,
between the two legswas 1.2+ 1.2 mmHg (= SD,
n=13) (A COP;, Fig. 2), the leg operated on
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FiG. 1. Relationship between colloid osmotic pressure
of interstitial fluid (COP;= SEM) and the number of
days after femoropopliteal arterial reconstruction for
lower limb atherosclerosis. The measurements were
performed once in the postoperative period. The filled
triangles (A) represent the leg operated on, the open
triangles (A) the contralateral leg in those patients
with successful bilateral measurements. Number of
patients in parentheses.
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F1G.2. Relationship between difference in COP;, be-
tween the two legs (ACO P;;=COPj, (contralateral leg)
—COP;; (operated leg)) and the calculated percentage
leg volume increase in patients operated on for lower
limb atherosclerosis. The filled circle represents mean
ACOP;; (=SD) of the operated patients without
oedema, and the filled squares represent ACOP;, of
the patients with leg oedema. The regression line
representing the patients with oedema is described by
the equation: ACOPy;= —0.261- x+6.1, where x
represents percentage leg volume increase, P<<0.005.
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having lowest COP;,. In subjects with moderate
oedema there was a considerable reduction in
COP;; of the operated extremity compared to
the contralateral. In cases with more extensive
oedema the difference declined, and finally, with
more than 20% leg volume increase, COP;, of
the operated leg (with one exception) was higher
than the contralateral. There was also a
significantly negative correlation when
ACOP;; was correlated to the number of days
postoperatively ACOP;;= —-0.132x+1.6,
where x is number of days after surgery,
1<x<<16,r=-0.33, P<0.05).

There was a positive correlation (P<0.005)
between COP,, and COP; (Fig. 3). The regres-
sion line of the leg operated on in Fig. 3 was less
steep than that of the contralateral, indicating
that reduction in COP,, to a lesser extent is
compensated by reduction in COP; in the
afflicted leg. In order to reduce the plasma-
dependent variation of COP;; the data were
transformed to a standardized COP,, of 25.0
mmHg (COPy 4 »5). Each point in Fig. 3 was
moved along a parallel to the regression line of
the non-operated leg to a vertical line at
COP,=25.0 mmHg to give the corrected
COP;;. Except for the operated leg in the first
postoperative period COP;, i »5, Was not dif-
ferent from controls (Table I).

When measured in the two last periods (4-7
days, 8-16 days postoperatively) P, in the leg
operated on was higher than in legs of controls
(P<<0.005, Table I). In the first period (1-3 days
postoperatively) the difference was not statisti-
cally significant.
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Fig. 3. Relationship between colloid osmotic pressure
of interstitial fluid (COP;;) and plasma (COP,;) in
patients operated on for femoropopliteal athero-
sclerosis. The filled triangles (A) represent the oper-
ated leg, the open triangles (A) the contralateral leg
and the semiclosed triangles (&) those subjects where
COPy in both legs was equal. Observations from the
same patient are connected with vertical lines. The
continuous line represents the linear regression of the
legs operated on and the interrupted line represents
the linear regression of the contralateral leg.

All atherosclerotic patients had a significantly
lower ankle pressure index (both pre- and post-
operatively) than controls (Table II). After
reconstructive surgery there was a significant
increase in both ankle systolic blood pressure
and ankle pressure index of the leg operated on
(P<0.005). There was no significant correlation
between preoperative ankle systolic pressure,
ankle pressure index or increase in these para-
meters after reconstructive surgery and the

TasLE II. Ankle systolic blood pressure and ankle pressure index of healthy controls and patients with lower limb
atherosclerosis, measured pre- and postoperatively. Mean values = SD. Number of subjects in parentheses.

Preoperatively Postoperatively
Most diseased Contralateral Operated Contralateral
Controls leg leg leg leg
Ankle systolic
blood pressure
(mmHg) 128.3x10.4 “68.4+25.0F ®107.8+ 33.8* €104.8+26.8% 491.4= 30.5%
(18) (32) (32) (32) (32)
Ankle pressure
index (%) 106.8= 8.6 ©46.0x15.2t f71.7+20.1% “84.5+18.4% h71.8+22.1%
(18) (32) (32) (32) (32)

*P<0.01, TP<0.005 versus healthy controls. “ versus ¢: P<0.005, °versus 9:P<0.05, °versus ¢: P<(0.005,

fversus ": no significant difference.
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occurrence of local oedema in the operated leg,
postoperatively.

DISCUSSION

The wick method used in the present study is
well suited for clinical use. It is relatively painless
and a sample of interstitial fluid can be obtained
after an implantation period of 1 h. In addition,
it corresponds well with other methods including
empty wick catheter and implantable colloid
osmometers [12].

Without net filtration the calculated P, is
equal to P.. Actually P.> P, but the difference is
estimated to be in the order of 0.5 mmHg under
normal conditions [2]. When net filtration
increases, the underestimation of P. is larger.
Therefore, the increased P, in the last investiga-
tion period (which implies even higher P.) prob-
ably indicates that precapillary resistance vessels
are unable to meet the increased arterial pres-
sure (Table II) after reconstruction. This in itself
would increase transudation [20].

The increased P observed in the last two
periods is probably the major factor opposing
further oedema formation. P;; was 2.3 and 3.6
mmHg higher than at the contralateral side,
which compares well with findings in a previous
study [17]. Py, may therefore counteract the
increase in capillary pressure postoperatively.

The reduction in COP,, postoperatively can
be explained partly by haemodilution, caused by
the fluid therapy given during and after the
operation. This is supported by the finding of a
low COP;; in both legs on the first postoperative
day. In addition, the supine position following
surgery may contribute to the reduction in
COP,,. Noddeland [11] found that COP,, in
healthy subjects was about 4 mmHg lower in the
horizontal compared to the upright position.
However, if the low COP, had been caused
solely by a postural effect, a higher, not a
reduced COP;, would have been expected, since
transudation of fluid in the legs is less in the
supine position [11].

The lower COP;; compared to controls could
theoretically be explained by dilution of the
interstitial proteins or reduction in interstitial
protein content. The mean increase in leg vol-
ume in the patients with oedema was 20% . This
was previously found to correspond with an
increase in subcutaneous tissue volume of
approximately 140% [16]. Provided that the

oedema was produced by transudation of a fluid
without protein, the calculated COP;; o o5
would have been approximately 3.8 mmHg (9.0
mmHg -100%/(100% +140%)) using control
subjects as reference. We have previously found
a COPj o 25y of 5.9 mmHg preoperatively in
the same type of patients as in the present study
[18]. Based on that value, the calculated COP;,
wl 2 would have been approximately 2.5
mmHg, which is substantially lower than the
value found in this study. The reduction in COP;,
compared to controls is thus less than would
have been expected if only transudation of fluid
with no protein increased the amount of intersti-
tial fluid.

The ‘normal’ COPy , 5 in the last two periods
indicate that the observed reduction in COP;,
was parallel to the reduction in COP,, (Table I,
Fig. 3). Consequently, the reduction in COP,, in
the three postoperative periods was to a large
extent neutralized by an equal reduction in
COP;, (within 0.5 mmHg) in the operated leg.
The ‘colloid osmotic term’ in equation 1 is there-
fore practically unchanged. On the other hand,
the reduced COP , 25 in the operated leg com-
pared to controls observed in the first postopera-
tive period may indicate dilution of the intersti-
tial fluid or net ‘washout’ of protein. This finding
indicates that the transcapillary fluid balance in
the first period is in a non-steady state, in which
oedema is formed by increased transcapillary
filtration.

However, compared to the same type of
patients preoperatively [18] COPiy n 25 Was
increased in all postoperative periods
(P<0.005). This implies that there is an increas-
ing fraction of plasma proteins in the interstitial
space following arterial reconstruction. The
increased COP;; may be due to increased inters-
titial protein concentration because of impaired
lymphatic drainage (A), increased transcapil-
lary protein transport (B), or both.

A. Reduced lymph flow capacity could be a
causative factor for the negative ACOP;, found
in patients with extensive oedema (>20%
increase in leg volume, Fig. 2). Most of them
were examined 816 days postoperatively. Poss-
ibly an increased P; (induced by lymphatic obs-
truction) reduces net filtration. This in turn
increases COP;, caused by a protein diffusion
along a concentration gradient. A new steady-
state with a low net filtration has presumably
occurred. It is supported by the finding of an



increased COP;; of the afflicted leg in patients
with chronic unilateral lymphoedema (approxi-
mately 5 mmHg higher than in the contralateral
leg, Stranden: unpublished data). Lymphangio-
graphic studies showing damage to the lym-
phatics after femoropopliteal bypass surgery
[19], also point to the surgical trauma as an
important factor.

B. Increased transcapillary protein filtration
in rat hindquarters was found by Rippe and
coworkers when venous pressure was experi-
mentally increased [13]. They observed that
serum albumin clearance increased abruptly at
venous pressure above 35 mmHg (‘stretched
pore phenomenon’). Because capillary pressure
in humans may be considerably increased in the
upright position, such a phenomenon may be
present postoperatively. There is no experimen-
tal evidence for such a hypothesis in patients in
this study, however.

The change in interstitial fluid composition
may be related to time after surgery and not to
degree of leg volume increase per se. Because
oedema developed gradually during the first 2
weeks (Table 1), the measurements from the first
postoperative days were probably performed
before oedema formation had started. The
changes in protein concentration seen in Fig. 2
may therefore to some extent be time-
dependent. This is supported by the significantly
negative correlation between ACOP; and
number of days postoperatively.

In agreement with a previous study [4] no
correlation between severity and duration of the
oedema and increase in ankle systolic blood
pressure was found. Other studies did not con-
firm this finding [8, 10].

In conclusion, reduced interstitial fluid pro-
tein concentration was observed in the first days
following arterial reconstruction. This was prob-
ably caused by an increased transcapillary filtra-
tion. Later in the postoperative period both P;,
and COP;; increased, which could be associated
with lymph vessel destruction and reduced lym-
phatic drainage.
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