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The degree of induced hypotension necessary to
achieve a significant reduction in intraoperative blood
loss has never been defined. Forty patients undergoing
primary total hip arthroplasty during epidural anes-
thesia by a single surgeon were randomly assigned to
have mean arterial pressure maintained at 50 = 5 mm
Hg or 60 * 5 mm Hg throughout surgery. Intraoper-
ative blood loss was 179 * 73 mL in the 50 mm Hg
group and 263 * 98 mL in the 60 mm Hg group (P =
0.004). Subjectively, there was more bleeding during

surgery in the 60 mm Hg group during dissection of the
hip joint (P = 0.0026) and while reaming the acetab-
ulum (P = 0.0001) and femur (P = 0.0001). No differ-
ence in transfusion requirements, postoperative hema-
tocrit, or duration of surgery was noted. A difference in
mean arterial blood pressure of 10 mm Hg from 50 to
60 mm Hg during surgery for total hip arthroplasty
under epidural anesthesia has a measurable effect on
intraoperative blood loss.

(Anesth Analg 1993,76:580-4)

operative blood loss during total hip arthroplasty

(1-3), but the degree of hypotension necessary to
achieve this reduction has never been defined. This is
an important issue because there is little virtue in pro-
viding more profound intraoperative hypotension if a
lesser degree will suffice.

We chose to study this question in a group of pa-
tients undergoing primary total hip arthroplasty by a
single surgeon. Blood loss was assessed with target
mean arterial pressure maintained at 50 or 60 mm Hg
throughout surgery. These pressures were chosen be-
cause they constitute the range of induced hypoten-
sion used in clinical practice (4,5).

Induced hypotension is associated with less intra-

Methods

Following Institutional Review Board approval, 40 pa-
tients undergoing primary unilateral total hip arthro-
plasty by a single surgeon consented to be studied. All
had hybrid total hip arthroplasty (noncemented ace-
tabular and cemented femoral components) performed
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via the posterior approach in the lateral decubitus po-
sition. No patients received drugs to induce anticoag-
ulation perioperatively. Exclusion criteria included
bleeding disorder, aortic or mitral stenosis, carotid oc-
clusion disease, ankylosing spondylitis, prior lumbar
spinal surgery, operations involving cemented acetab-
ulum, trochanteric osteotomy, or acetabular bone graft.
All patients received lumbar epidural anesthesia us-
ing 20-25 mL 0.75% bupivacaine injected via a Tuohy
needle. Catheters were inserted, and each patient re-
ceived 150 pg of epidural fentanyl plus additional
0.75% bupivacaine if necessary to extend the level to
T-4 or above. All patients received nasal oxygen at 3
L/min and intravenous (IV) midazolam for sedation
during surgery, 20-gauge ipsilateral radial artery can-
nulae, and central venous pressure monitoring.
Patients were randomly allocated to a mean arterial
pressure (MAP) of between 45 to 54 mm Hg or 55 to 65
mm Hg to be maintained throughout surgery. Induced
hypotension was achieved with the extensive epidural
blockade. Hemodynamic stability was maintained by
an IV infusion of low-dose epinephrine (1-5 pg/min)
and IV lactated Ringer’s solution. To facilitate achiev-
ing a disparity in pressures, upper lumbar interspaces
(L1-2) were used preferentially in the lower pressure
group (45-54 mm Hg); whereas lower lumbar inter-
spaces (L3-4 or L4-5) were utilized in the 55-65 mm Hg

group.
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Heart rate, MAP, central venous pressure (CVP), and
oxygen saturation were measured before epidural in-
jection (baseline), at the time of surgical incision, and
every 15 min during surgery.

Intraoperative blood loss was measured by a nurse
who was blinded to the degree of hypotension.
Sponges were weighed as they were passed off the sur-
gical field, and irrigation and suction volumes were
measured. A qualitative assessment of the degree of
bleeding in the wound was made by the surgeon after
skin incision, during exposure of the hip joint, and dur-
ing reaming of the acetabulum and the femur. The sur-
geon was unaware of the degree of hypotension and
characterized the bleeding as normal, less or greater
than normal. Total wound drainage via a closed low-
suction system was also measured during the first 24
h postoperatively. Hematocrits were measured preop-
eratively and on the first and second postoperative
days in all patients. All perioperative transfusions (ho-
mologous and autologous) were recorded.

Preoperative demographics, ASA status, comorbid-
ities, serum creatinine, bilirubin, aspartate aminotrans-
ferase, activated partial thromboplastin time (aPTT),
prothrombin time (PT), and platelet count were meas-
ured. The duration of surgery and the volume of lac-
tated Ringer’s solution administered during surgery
were recorded.

Differences in blood loss, surgical time, and IV fluid
administered between groups were analyzed using
two-tailed unpaired Student’s t-tests. Differences be-
tween qualitative assessment of bleeding at each stage
of surgery was assessed using Mann-Whitney U test.
Differences in hemodynamic variables between groups
were assessed using one-way ANOVA with the Scheffé
test applied for repeated measures. Relationships be-
tween bleeding and age, heart rate, and CVP were as-
sessed by simple linear regression within each blood
pressure group. The relationship between intraopera-
tive blood loss and the average intraoperative systolic,
diastolic, and mean arterial pressures was assessed in
all 40 patients using simple linear regression. a was set
at 0.05.

Results

There were no significant differences in patient char-
acteristics between the groups. No patients had abnor-
mal aPTT, PT, platelet count, liver function tests, or el-
evated serum creatinine preoperatively. The mean age
was 69 * 13 and 62 * 11 in the 45-54 mm Hg and 55-65
mm Hg groups, respectively. Eight patients were ASA
III in the 45-54 mm Hg group and three were ASA Il
in the 55-65 mm Hg group. The mean surgical duration
was 79.4 * 13.4 min in the 45-54 mm Hg group and
83.4 * 14.2 min in the 55-65 mm Hg group (P = NS).
The volume of crystalloid administered was 1032.5 =
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Table 1. Comparison of Demographics

45-54 55-65
mm Hg mm Hg p
group group value
Sex (M/F) 8/12 14/6 NS
Age (y1) 69 +13 62+ 11 NS
Height (cm) 164 + 10 169 + 10 NS
Weight (kg) 70 + 16 77 +13 NS
ASA
I 4 (20%) 7 (35%) NS
II 8 (40%) 10 (50%)
il 8 (40%) 2 (15%)
Fluid (mL) 10325 +215.9 122013499 0.05
Duration of 794+134 834x142 NS

surgery (min)

Mean + sp. NS, not significant.

215.9 ml and 1220 *+ 349.9 mL in the 45-54 and 55-65
mm Hg groups, respectively (P = 0.05) (Table 1). In-
travenous hydralazine (5 or 10 mg) was necessary to
augment the hypotension in four patients in the 45-54
mm Hg group and five patients in the 55-65 mm Hg
group.

Mean heart rate, CVP, MAP, and oxygen saturation
are shown in Table 2. Mean target MAPs were achieved
in both groups of patients at all observational points.
CVP and oxygen saturation were similar between
groups. Heart rate was significantly lower in the 45-54
mm Hg group at all observation points, but the change
from baseline was not significantly different between
groups (Table 2).

Measured intraoperative blood loss was 179 = 73 mL
in the 45-54 mm Hg group and 263 * 98 mL in the
55-65 mm Hg group (P = 0.004). Postoperative drain-
age was 356 * 150 mL and 313 * 153 mL in the 45-54
and 55-65 mm Hg group, respectively (P = NS) (Table
3). Total measured blood loss was not different between
groups.

Intraoperative blood loss was not significantly re-
lated to age (r* = 0.02 and r* = 0.09), to the average
intraoperative CVP (¥? = 0.005 and r* = 0.001), to the
volume of lactated Ringer’s solution infused during
surgery (©* = 0.1 and r* = 0.06), or to the average in-
traoperative heart rate (+* = 0.2 and 7* = 0.001) in either
the 45-54 or 55-65 mm Hg groups, respectively. When
all 40 patients were considered, intraoperative blood
loss was significantly related to the average systolic
pressure (r = 0.101 and P = 0.0453), diastolic pressure
(r = 0.506 and P = 0.0009), and MAP (r = 0.465 and
P = 0.0025) (Figure 1).

No significant differences in the qualitative assess-
ment of bleeding were noted after skin incision. How-
ever, significantly less bleeding was noted in the lower
blood pressure (45-54 mm Hg) group during exposure
of the hip joint (P = 0.0026), reaming of the acetabulum
(P = 0.0001), and the femur (P = 0.0001) (Table 4).
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Table 2. Intraoperative Hemodynamic Comparisons
mm Hg Surgical
group Baseline  incision 15 min 30 min 45 min 60 min 75 min
Heart rate 45-54 704 +12 657 +10.5* 63.1 +11* 61.7 £11.7* 61 £12.2** 629 + 13.1** 65.2 +10.7**
5565 744+10 749:128 708+122 728+10 71+89 724+105 74587
Mean arterial 45-54 104+17 51=+6* 49+ 4 50 + 4* 50 + 4* 51 +5* 54 + 9**
pressure 55-65 10212 658 61+4 615 62+5 62+5 625
Central venous 4554 39+22 38x2l 38+19 37+18 32+17 32+16 38+12
pressure 5565 38+18 49+18 46+22 42+18 42%2 42+2 3.7+12
Oxygen saturation 45-54 99 99 99 99 99 99
55-65 99 9 99 99 9 99
Mean = sp.
*P = 0.0001.
* P < 0.05.
Table 3. Blood Loss Comparison Table 4. Surgical Assessment of Bleeding
45-54 5565 mm Hg Aceta-
mm Hg mm Hg P group Skin Capsule bulum Femur
group  group  value 4554  Less 10 1 1 13
Intraoperative (mL) 179 +73 263+ 98  0.004 (n=20) Moderate 5 5 8 6
(100-320)  (130-500) Excessive 5 4 1 1
Postoperative (mL) 356 + 150 313 +153 NS 5565 Less 7 2 1 1
Total blood loss (mL) 535+ 175 576 +193 NS (n=20) Moderate 4 4 4 9
Preoperative 39.0+40 390x+40 NS Excessive 9 14 15 10
hematocrit (%) P val NS  0.0026 1 0.0001
Postoperative day 1 317 +34 329:39 NS vaue : 0.0001 0.
hematocrit (%) NS, not significant. A
Postoperative day 2 31.5+40 320:38 NS * Each number represents number of patients.
hematocrit (%) . .
No. of patients 13 13 Discussion

transfused

Mean + sp. NS, not significant.
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Figure 1. The relationship between intraoperative blood loss and

the average intraoperative mean arterial pressure (r = 0.465, P =
0.0025).

Preoperative hematocrit was similar between groups
(Table 3). Hematocrit decreases were similar postop-
eratively in both groups. No significant differences in
transfusion requirements were observed. Thirteen pa-
tients in each group received transfusion: 20 received
autologous and 6 received homologous blood (Table 3).

This study demonstrated a significant reduction in ob-
jective and subjective indices of blood loss between a
MAP of 50 = 5 and 60 + 5 mm Hg during total hip
arthroplasty. This 10 mm Hg difference in MAP was
associated with a mean difference in intraoperative
blood loss of 85 mL. Previous studies have demon-
strated that blood loss is less with induced hypotension
than with normotensive anesthesia (1-3,6-8), but no
previous studies have examined the effect of different
degrees of hypotension. Recommendations have sug-
gested that MAP should be reduced to the point at
which bleeding appears to be reduced (5,9). Although
this is a reasonable recommendation, this study dem-
onstrates that lower blood losses can be achieved by
further reducing intraoperative arterial pressure.

Although this study demonstrates a difference in
bleeding between two degrees of hypotension, it does
not provide information about the relationship be-
tween blood loss and MAP over a wider range of pres-
sures. Blood loss during total hip arthroplasty using
normotensive anesthesia ranges from 500 to 1800 mL
(10-17). This suggests a proportionately larger increase
in blood loss with increasing MAP, but whether this
relationship is linear or curvilinear is not clear.

It has been suggested that bleeding during surgery
is, at least in part, dependent on venous pressure in the
wound (9, 18-21). This is most apparent during general
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anesthesia where higher venous pressures occur, espe-
cially if ventilation is controlled (19,20). In the lateral
decubitus position, the surgical wound is above the
level of the right atrium. Venous pressure in the wound,
therefore, tends to be lower than CVP. The lack of a
relationship between CVP and blood loss in this study
suggests that, at least with this anesthesia technique for
this surgical procedure, bleeding is independent of
venous pressure. This, however, may not apply to other
surgical procedures or to total hip arthroplasty per-
formed using controlled ventilation with general an-
esthesia.

There has been controversy in the literature regard-
ing the mechanisms whereby blood loss is reduced us-
ing regional rather than general anesthesia (19,20). Sev-
eral studies have implied that blood loss is less with
regional anesthesia in spite of maintaining similar
MAP (13,17,21-23). This has lead to the clinical practice
of maintaining normal MAP using regional anesthesia
(19-21). This study, however, supports the notion that
further reductions in blood loss can be achieved by de-
creasing MAP during regional anesthesia.

One of the interesting observations in this study was
the clear relationship between blood loss and MAP
during reaming of the acetabulum and of the femur,
whereas none was observed with skin incision. Perhaps
bleeding from bone is more dependent on hypotension
than bleeding from soft tissue. The reduction in bone
bleeding may be particularly advantageous during ce-
mented total hip arthroplasty because a dry bone sur-
face facilitates the quality of the cement-bone micro-
interlock (24,25).

Induced hypotension improves the surgical field (18)
and generally is believed to shorten the duration of
surgery (1,7,8), but this has not been observed consis-
tently (5,21). Surgical duration was 4 min longer in the
55-65 mm Hg group, but this was not statistically sig-
nificant. It has been argued that with intraoperative
hypotension it may be difficult to obtain complete he-
mostasis so that, with restoration of blood pressure at
the end of surgery, excessive bleeding into the wound
may occur. Previous studies have failed to show this
(1,3,7,821); and, although we observed a slightly
higher postoperative drainage in the 55-65 mm Hg
group, this was not statistically significant.

Both subjective and objective means of measuring
blood loss were utilized to provide a better overall as-
sessment of potential differences. To avoid bias, all ob-
servers were blinded. The qualitative assessment by
the surgeon was based on the usual level of blood loss
experienced in the hospital wherein a MAP of 50-55
mm Hg is provided for the majority of patients under-
going total hip arthroplasty. In 15 of the cases with the
higher pressure, the surgeon reported blood losses in
excess of his expectations during reaming of the ace-
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tabulum, but only in one of the cases with the lower
pressure.

In this study, we were unable to demonstrate any
reduction in transfusion requirements, postoperative
hematocrit, or in the duration of surgery between
groups, even though intraoperative blood loss was re-
duced in the group with more profound hypotension.
For this reason, it could be argued that lesser degrees
of hypotension (e.g., mean of 60 mm Hg) are sufficient
to minimize blood loss using epidural anesthesia. On
the other hand, hypotensive anesthesia has been shown
to improve the quality of cement-bone fixation of the
acetabular component by plain x-ray (26). Other au-
thors have shown that maintaining a blood-free bone
surface improves the quality of the cement-bone mi-
crointerlock (25,27). In view of the low morbidity and
mortality using this technique in elderly patients (26),
a lower MAP is probably justified when inserting a ce-
mented arthroplasty to improve the interdigitation of
cement and bone (24,25).
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