
A STUDY OF INTRAOPERATIVE PLASMA EXPANSION 
WITH A BALANCED ELECTROLYTE SOLUTION 

W. A. TWEED, M.D., AND JOHN G. W ~ r ,  M.D., F.R.C.P.(C) O 

THE HAZARDS Of blood transfusion during anaesthesia are well known. It has 
been reported that replacement of operative blood loss by plasma expansion 
with balanced electrolyte solutions is effective and well tolerated. 1,2 Therefore, 
this study was designed to quantitate the plasma volume expansion (aPv) pro- 
duced by the intraoperative infusion of an isotonic electrolyte solution (Normo- 
sol| and to establish its effectiveness in replacing operative blood loss. 

METHOD 

The plasma volumes of eleven surgical patients were measured before and 
after operation. Seven patients, the treatment group, received an isotonic elec- 
trolyte solut ion in t raopera t ive ly  equa l  to approx imate ly  three  t imes the  m e a s u r e d  
blood loss. Four patients, the control group, received no intraoperative electro- 
lyte solution. Patients were randomly assigned to treatment or control group. 

Only patients in general good health, with no systemic disease and no clinical 
evidence of fluid deficit or excess, were selected. There was no discrimination as 
to age or sex. The surgical procedures were elective, for a localized disease pro- 
cess not involving a maior body cavity. Blood loss was comparable between the 
two groups (Table I), although duration of operation and operative trauma 
varied considerably for individual patients ( Table II ). 

TABLE I 
DETERMINATION OF OPERATIVE BLOOD Loss 

Control Treatment 

1 2 3 4 1 2 3 4 5 6 7 Mean 

Gravimetric(ml)* 310 620 880 1000 400 670 400 1000 950 1050 1150 766 

Radioisotope(ml)t 430 720 690 730 620 600 720 980 1010 1200 1250 814 

*Gravimetric determinations were made by weighing sponges and measuring contents of 
suction bottles. 

tDecrease in red cell volume was determined from pre- and postoperative blood volumes (I m 
or Cr51), and operative blood loss was calculated by dividing RV loss by the average of the pre- 
and postoperative haematocrits (RV loss X 2)/(Hct0 + HCtl). The larger of these in each case 
was selected as the nearest approximation to the actual loss. In that case the mean loss of the 
treatment group was 920 ml, and the mean loss of the control group was 760 ml. 

An attempt was made to standardize the preparation and anaesthetic proce- 
dures. All patients were fasted from midnight prior to the operation. Before this 
they were on regular ward diets. Intravenous 5 per cent dextrose in water (D/w) 

*Dr. Tweed is in the Department of Anaesthesia, University of Manitoba; Dr. Wade is Pro- 
lessor and Head, Department of Anaesthesia, University of Manitoba and Winnipeg General 
Hospital. 
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at i00 ml per hour was begun at 0800 on the day of operation. Preoperative 
sedation was achieved with pentobarbital 100 mg plus atropine 0.6 rag. Induc- 
tion was by a sleep dose of thiopentone (100-250 rag) or by mask with halo- 
thane and oxygen. Maintenance was on halothane-O2 or halothane-N20-O~ at 1 
to 1.25 per cent inspired halothane concentrations. Respiration was controlled 

to keep arterial Pco~ levels between 30 and 40 em H20. Pulse, blood pressure, 
central venous pressure (cvP), and ECC were monitored. No patient became 
hypotensive during anaesthesia (systolic blood pressure less than 90 cm H20)  or 
had more than a transient change in cvP. 

Postoperatively the treatment group continued to receive electrolyte solution 
in sutBcient amounts to maintain blood pressure and urine output. Seventy-two 
per cent of the total electrolyte solution of the operative day was administered 
intraoperatively, 28 per cent postoperatively (Table III).  Patients in the control 
group received either blood or electrolyte solution postoperatively. 

T A B L E  I I I  

ELECTROLYTE INFUSION AND PLASMA EXPANSION (APV) DURING THE OPERATIVE DAY 
(TREATMENT GROUP) 

Pa t ien t  number  

1 2 3 4 5 6 7 Mean  

Operat ive period 
total  electrolyte 

solution infused (ml) 2000 2000 2000 3000 2500 2000 4 0 0 0  2500 
total Na + infused 

(mEq) 280 310 280 420 325 280 560 350 
~PV (ml) 120 320 400 590 300 380 880 430 

Total operative day 
total electrolyte 

solution infused (ml) 2570 4700 3100 3290 3500 3000 4000 3500 
total Na + infused 

(mEq) 360 695 435 460 470 420 560 485 
Apv (ml) 510 800 680 1110 410 700 1640 840 

Total blood volume (BV), plasma volume (vv), red cell volume (ncv), large 
vessel microhaematocrit, serum proteins, and serum electrolytes were deter- 
mined immediately preoperatively, postoperatively on arrival in the recovery 
room, and 24 hours from the beginning of operation. Chromium al or rosa was 
used to measure nv, and control studies showed they give comparable results. 
Six determinations in one subject with RISA yielded a coetBcient of variation for 
BV of • 6.2 per cent, and for acv of • 3.8 per cent. Three determinations in 
each of three subjects with Chromium ~I resulted in a cotBcient of variation for 
nv of • 3.0 per cent, and for Rcv ___ 2.1 per cent. All samples were taken in 
duplicate and counted in the Volemetron. Because r~cv is more stable than Bv, 
reproducibility of Bcv is considered to be a good test of the method. In our pa- 
tients, fractional changes in v v  were found to correlate well with fractional 
changes in large vessel microhaematocrit (r --  0.97 ). 
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BESUL~S 

Table IV summarizes the results in the operative period. The control group 
sustained a mean blood loss of 760 ml, 21 per cent of preoperative BV (BVo), and 
received only maintenance amounts of 5 per cent D/W. No expansion of Pv was 
observed at the end of operation. The treatment group sustained a mean blood 
loss of 920 ml, 24 per cent of BY0, and received an average of 2500 ml of electro- 
lyre solution, 2.7 times the blood loss. Mean aPV was 430 ml, replacing 46 per 
cent of the blood loss. Of the infused electrolyte solution, 16 per cent remained 
intravascular. Patient no. 1 had only 6 per cent intravascular retention, but this 
ease involved more dissection and tissue handling, therefore presumably more 
tissue sequestration of fluid; and the patient had evidence of preoperative de- 
hydration (serum Na+, 154). About 20 per cent intravaseular retention was 
most commonly observed. The difference in aPV between the two groups is sig- 
nificant (p < 0.01). 

Because patients in the control group had either blood or electrolyte solution 
administered postoperatively, no comparison can be made between the two 
groups at 24 hours. At that time the treatment group had received an average 
total of 3500 ml of electrolyte solution, aPV was 840 ml (Table III) ,  replacing 
84 per cent of the blood loss. Of this, 28 per cent (1000 ml) was administered 
postoperatively. Of the electrolyte solution administered, there was 24 per cent 
intravaseular retention at 24 hours. 

No statistieal variation in serum eleetrolytes was observed in either group 
postoperatively. Bed cells and serum albumin were diluted in the treatment 
group (Figures 1 and 2) in proportion to the expansion of PV. The lowest hae- 
matoerits observed were near 30, which was the point at which we had decided 
whole blood replacement would begin? 

Table V is condensed from the intake and output records for the operative 
and first postoperative days. During the operative day the treatment group 
received twice as much fluid as the control group (5940 ml v s  2930 ml and six 
times as much sodium (485 mEq v s  85 mEq).  It excreted more than twice as 
much urine (1360 ml vs 560 ml, p < 0.05). There was no significant difference 
in urine excretion in the 24 ~8 hour period despite a continued exeess of fluid 
and sodium intake in the treatment group. When all external losses were mea- 
sured, and assuming equal insensible losses in the two groups ( 1000 ml per day), 
the net fluid balance of the control group at 48 hours was --730 ml, and that of 
the treatment group was 32450 ml. Since serum electrolyte concentrations in 
the treatment group were unchanged, this represents isionic isotonic ECF expan- 
sion. Of this ECF expansion 840 ml was intravascular (APV); therefore the inter- 
stitial fluid excess amounted to about 1.5 L. 

DISCUSSION 

The normal plasma volume to interstitial fluid ratio is 1:4. Moore e t  al.  4 have 
shown that in normal awake volunteers subjected to blood loss, administered 
saline was preferentially retained in the intravascular compartment. Our results 
suggest that electrolyte solution administered during operation distributes in 
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TABLE V 

INTAKE AND OUTPUT 

0-24 hours 24--48 hours 

intake intake 
Net 

Na fluid urine* Na fluid urine balance 
(mEq) (ml) (ml) (mEq) (ml) (ml) (48 hrs) t 

Patient number 
~ontrolgroup) 

1 154 2850 750 0 2320 2830 --120 
2 180 3750 750 0 1820 3300 --1370 
3 0 1885 375 0 2695 2700 --500 
4 0 3240 380 0 2620 3460 --930 

Mean 85 2930 560 0 2360 3072 -730  

Patientnumber 
(treatmentgroup) 

1 360 6600 1960 80 3500 4820 +920 
2 695 8850 1710 0 2850 2430 +4390 
3 435 4000 800 0 3125 1750  +2065 
4 460 5360 855 154 3690 1350  +3725 
5 470 6420 2250 0 1970 2775 -185 
6 420 4350 1350 230 4500 2600 +1830 
7 560 6000 625 0 4550 2450 +4315 

Mean 485 5940 1360 66 3455 2596 +2450 

*Urine output of the treatment group for the operative day (1360 ml) is significantly greater 
than that of the control group (560 ml): p < 0.05. There is no significant difference in output 
between the groups on the first postoperative day. 

tIndicates insensible and total measured losses. Insensible loss is assumed to be 1000 ml/day. 
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approximately the ratio of plasma volume to interstitial fluid, that is, 1:4. How- 
ever, intraoperative fluid shifts are complex, and the net effects of blood loss, 
anaesthesia, and surgical trauma are difficult to predict precisely. Fluid require- 
ments include replacement of preoperative v.cF deficits, increased insensible loss, 
urine excretion, and ECF sequestered in traumatized tissue. Shires 5 has measured 
a "functional ECF deficit" during surgery, which may represent a combination of 
the above effects. It appears that these encroachments on ECF volume prejudice 
the distribution of administered electrolyte solution, as evidenced by the vary- 
ing proportion of intravascular retention we have observed. Those patients with 
preoperative fluid deficit, long traumatic surgery, or large intraoperative urine 
output had poorest intravascular retention. 

Of the total electrolyte solution administered during the operative day, 72 per 
cent was infused during operation and 28 per cent over the remainder of the 24 
hours. At the same time, plasma expansion was about equal in the operative and 
postoperative periods (430 v s  410 ml), with replacement of blood loss 84 per 
cent complete by 24 hours. While there may be better intravascular retention 
postoperatively, there is probably also enhancement of interstitial to intravas- 
cular shifts. Utilizing electrolyte solution in this manner, we have not observed 
plasma expansion to be a transient phenomenon. 

A considerable expansion of total ECF persisted up to 48 hours postoperatively. 
The consequences of this on cardiopulmonary function are not entirely clear at 
present. There is some suggestion from studies of trauma victims that excessive 
administration of electrolyte solution may contribute to development of the "wet 
lung" syndrome in severely injured, shocked patients. ~ Because the effects on 
pulmonary function of ECV expansion combined with anaesthesia, surgery, and 
blood loss have not been clearly elucidated, we exercise caution in administer- 
ing electrolyte solutions during surgery to patients with cardiopulmonary disease. 

SUMM~mY 

We have found plasma expansion with a balanced electrolyte solution to be a 
useful method of avoiding intraoperative whole blood replacement in selected 
cases with moderate operative blood loss ( <  25 per cent). In the cases under 
review the amount infused during the operative period equalled three times the 
blood loss, and at the end of the operative day four times the blood loss had 
been given. We found that 20 per cent of the solution administered was intra- 
vascular at the end of operation and 25 per cent by the end of the operative day. 
Intravascular retention is, however, biased by preoperative deficits, tissue se- 
questration, and insensible losses. Blood volume expansion was 84 per cent com- 
plete by 24 hours, and a considerable expansion of interstitial fluid volume was 
found to persist up to 48 hours. Because of this we have limited this technique 
to reasonably healthy surgical patients without cardiopulmonary disease. 

l~trM~ 

Dans le but d'~viter le remplacement per op6ratoire de sang total dans des 
cas choisis o~t la perte de sang est demeur~e inf~rieure ~t 25 pour cent, nous 
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sommes d'avis que raugrnentation du volume plasmatique par une solution 6qui- 
libr6e en 61ectrolytes est une m&hode utile. La quantit6 donn~e durant rop~ra- 
tion est 6gale ~ trois lois celle de la perte sanguine et, h la fin du premier jour, 
quatre lois la quantit6 des pertes sanguines a 6t~ donn6e. 

A la fin de l'op6ration, 20 pour cent de la quantit6 de la solution donn~e &ait 
demeur~e dans les vaisseaux et, ~ la fin de la premiere journ6e, 25 pour cent. 
Cette r&ention inlrovasculaire peut varier, toutefois, selon le d6ficit pr~-op6ra- 
toire, la r&ention dans les tissus, les pertes insensibles. Dans les 24 heures, la 
masse sanguine circulante 6tait complete ~t 84 pour cent et, apr~s 48 heures, il 
persistait une augmentation consid6rable du volume du liquide interstitiel. A 
cause de ces donn6es, nous avons r6serv6 remploi de cette technique aux op6r6s 
assez bien portants sans pathologie cardio-pulmonaire. 
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