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Abstract: Objective: To determine the factors affecting postoperative acute hypotension after total knee arthro-
plasty (TKA) and provide a basis for guiding the clinical prevention. Methods: Between May 2001 and May 2013,
a total of 495 patients undergoing routine TKA were analyzed retrospectively. Independent risk factors related to
postoperative acute hypotension after TKA were determined by univariate and multivariate analysis. Results: Of the
495 patients undergoing TKA, 61 (12.32%) developed postoperative acute hypotension after surgery. Univariate
analysis showed that preoperative Neu, time of surgery, time of anesthesia, pressure of tourniquet, time of us-
ing tourniquet, preoperative hypertension, age and type of surgery were significant influencing factors, whereas
by multivariate analysis, only age, pressure of tourniquet and type of surgery were significant influencing factors.
Conclusion: Factors those were associated with a significantly increased postoperative acute hypotension after TKA
included age, pressure of tourniquet and type of surgery. Achieving a good preoperative and postoperative evalu-
ation and monitoring vital signs and disease change contribute to the detection, intervention and salvage for the

acute hypotension.
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Introduction

Elderly trauma patients have poorer survival
rates than younger trauma patients. This dis-
parity stems from several contributors, includ-
ing hypotension [1]. Hypotension is an abnor-
mally low blood pressure (BP) in which end-
organ perfusion becomes compromised. Alth-
ough BP is not a direct correlate of tissue perfu-
sion, it remains a noninvasive surrogate with
clinical utility.

Total knee arthroplasty (TKA) is one of the most
successful and commonly performed surgical
procedures for the treatment of the late joint
disease and restoration of the knee joint func-
tion [2-4]. However, because so many total
knee arthroplasties are performed in elder pa-
tients, a number of patients are likely to devel-
op acute hypotension after surgery. Previous
MIMIC data (http://www.physionet.org/challen-
ge/2009) have shown that mortality rates in
patients with acute hypotension are as high as
37.8%. Therefore, clarifying the risk factors
affecting the occurrence of postoperative acute

hypotension after TKA and setting out corre-
sponding nursing strategy is important to avoid
death and improve the success rate for sal-
vage. The purpose of this study was to deter-
mine the influence factors affecting the occur-
rence of postoperative acute hypotension in
patients undergoing TKA and provide the nurs-
ing strategy to guide the clinical prevention.

Patients and methods

The study was approved by the ethics commit-
tee of Xingiao Hospital, the Third Military Me-
dical University and was conducted in accor-
dance with the Declaration of Helsinki. Written
informed consent was obtained from all su-
bjects.

Between May 2001 and May 2013, a total of
495 patients (92 males and 403 females; age
range 19 to 87 years) who underwent routine
TKA were included in this study. Among them,
336 patients underwent unilateral TKA and the
other 159 patients underwent bilateral TKA.
Patient characteristics are presented in Table
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Table 1. Clinical data for 495 primary TKA patients

Index Values

Age years 66 (19-87)
Sex, Male/Female 92/403

BMI, Kg/m? 24.24 (15.01-31.47)
Dominant blood loss, ml 330 (0-2570)
Intraoperative transfusion of RBC suspension, ml 0 (0-1200)
Intraoperative transfusion of plasma, ml 0 (0-500)

Preoperative Blood Test
HgB, g/L 121.0 (72-165)
Hct, % 37.0 (23.7-49.5)
110.0 (40-470)
150 (50-400)

Time of surgery, min
Time of anesthesia, min

Pressure of tourniquet, Pa 80 (50-80)

Time of using tourniquet, min 81 (30-348)
Cardiovascular disease risk factors

History of Hypertension (%) 138 (27.9)

History of Coronary heart disease (%) 36 (7.3)

History of Smoking (%) 12 (2.4)

History of Drinking (%) 7(1.4)
Type of surgery

Unilateral TKA 336 (67.9)

Bilateral TKA 159 (32.1)
Type of anesthesia

Spinal anesthesia 182 (36.8)

Epidural anesthesia 151 (30.5)

Combined spinal-epidural anesthesia 162 (32.7)
Postoperative analgesia (%)

None 17 (3.4)

Cox22 247 (49.9)

Cox2+opioids® 231 (46.7)

Data were expressed as means + standard deviation (SD) or median as ap-
propriate. BMI, body mass index; TKA, total knee arthroplasty; @, preoperative
oral celecoxib capsules (400 mg) combined with intravenous injection of 40 mg
parecoxib sodium within the postoperative 6 hours; °, preoperative oral 400 mg
celecoxib capsules combined with intravenous injection of 40 mg parecoxib so-
dium within the postoperative 6 hours and oral estazolam tablets (2 mg) beyond
the postoperative 6 hours.

dural anesthesia, and the ot-
her 162 received combined spi-
nal-epidural anesthesia. The
blocks were performed with the
patient in the sitting position.
Spinal anesthesia was per-
formed through a 7 G spinal
needle (Huaxing medical equip-
ment industrial co., LTD, Jiangsu,
China), introduced at the L,,
interspace. Depending on the
age, height, weight and level of
anesthesia of patient, 2-3 ml of
ropivacaine 1% were injected.
Intraoperative sedation with ice
bag, COX2 or COX2 combined
with opioid was administered
at the discretion of the treat-
ing anesthesiologist and the
patients demand. The block was
performed by anaesthetists
who were uninformed of the
ongoing study. In patients re-
ceiving epidural anesthesia an
epiduml catheter (Huaxing med-
ical equipment industrial co.,
LTD, Jiangsu, China) was intro-
duced through a cranially direct-
ed 18 G Tuohy needle (Huaxing
medical equipment industrial
co., LTD, Jiangsu, China) in the
L,, interspace. After negative
aspiration for blood or spinal
fluid a test dose of 3 ml bupiva-
caine 0.5% with epinephrine
was given. With the patient still
in the sitting position titrated
doses of 0.5% bupivacaine (3 ml
+3 ml) were given. One to two
minutes after the second dose,
the patient was placed in the
appropriate surgical position

1. Patients eligible for the study included tho-
se who underwent initial unilateral and bilate-
ral TKA for primary osteoarthritis. Patients who
underwent the TKA and had complete medi-
cal records were included. Patients who died of
adverse event other than hypotension during
the perioperative period were excluded. Pa-
tients who have insufficient data for statistical
analysis were also excluded.

Surgical procedures

Of the 495 patients, 182 patients received spi-
nal anesthesia, 151 received continuous epi-
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and additional 3 ml-doses of bupivacaine 0.5%
were given through the catheter until a TIO sen-
sory block was achieved. Preservative-free
morphine in 10 ml saline, 4 mg, was then
administered through the epidural catheter.
Combined spinal-epidural anesthesia was per-
formed at the L,, interspace (16-gauge/5-
gauge Combined Spinal/Epidural Minipack;
Tuoren medical equipment industrial co., LTD,
Henan, China). Depending on the level of anes-
thesia of patient, 5-6 ml of ropivacaine 1% was
injected. The patients were then placed in the
supine or lateral position depending on the sur-
gical procedure.

Int J Clin Exp Med 2015;8(8):13946-13953



Risk factors of acute hypotension after TKA

Table 2. Univariate analysis of risk factors of acute hypotension after TKA

Variables Hypotension (n=61)  Non-hypotension (n=434) P value
BMI, Kg/m? 23.92 (15.01-31.47) 24.37 (15.01-33.20) 0.698
Preoperative HgB, g/L 117.0 (91-146) 121.0 (72-165) 0.082
Preoperative HCT, % 36.48+3.14 36.97+4.22 0.273
Time of surgery, min 160.0 (65-320) 110.0 (40-470) 0.007
Time of anesthesia, min 180 (70-400) 150 (50-400) 0.020
Tourniquet time, min 119 (48-237) 81 (30-348) 0.007
Dominant blood loss, ml 300 (20-1400) 332.5 (0-2570) 0.824
Intraoperative transfusion of RBC suspension, ml 200 (0-800) 0 (0-1200) 0.239
Intraoperative transfusion of plasma, ml 0 (0-500) 0 (0-400) 0.789
Age, years
<60 3(5.2) 100 (23.0) 0.001
>60 58 (94.8) 334 (77.0)
Gender
male 9 (14.8) 83(19.1) 0.411
female 52 (85.2) 351 (80.9)
Pressure of tourniquet, Pa
50~60 2(3.3) 73 (16.8) 0.014
65~70 10 (16.4) 80 (18.4)
75~80 49 (80.3) 281 (64.7)
History of Hypertension
Negative 52 (85.2) 305 (70.3) 0.015
Positive 9 (14.8) 129 (29.7)
History of Coronary heart disease
Negative 52 (85.2) 400 (92.2) 0.308
Positive 9 (14.8) 34 (7.8)
History of Smoking
Negative 52 (85.2) 424 (97.7) 0.985
Positive 9 (14.8) 10 (2.3)
History of Drinking
Negative 59 (96.7) 429 (98.8) 0.406
Positive 2(3.3) 5(1.2)
Type of surgery
Unilateral TKA 28 (45.9) 308 (71.0) 0.000
Bilateral TKA 33(54.1) 126 (29.0)
Type of anesthesia
Spinal anesthesia 14 (23.0) 168 (38.7) 0.057
Epidural anesthesia 23 (37.7) 128 (29.5)
Combined spinal-epidural anesthesia 24 (39.3) 138 (31.8)
Postoperative analgesia
None 1(1.6) 16 (3.7) 0.666
Cox2 31 (50.8) 216 (49.8)
Cox2+opioids 29 (47.6) 202 (46.5)

Data were expressed as means + standard deviation (SD) or median as appropriate. BMI, body mass index; HgB, haemoglobin;

Hct, haematocrit; TKA, total knee arthroplasty.

All TKAs were performed through a midline skin 495 patients during TKA and was not released
incision and a medial parapatellar capsular before skin closure. For bony resection, an
incision. A pneumatic tourniquet was applied to intramedullary alignment jig was used for the
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Table 3. Multivariate analysis of risk factors of acute hypotension after TKA

formed with SPSS

Hypotension Non-hypoten-

18.0 (SPSS, Chicago,
IL). T test or Mann-
Whitney U Nonpara-

95.0% Cl for

Parameters (n=61)  sion (n=434) Exp (B) Exp (B) P value
Lower Upper

Age, years

<60 3(5.2) 100 (23.0) Reference

>60 58 (94.8) 334 (77.0) 5,511 1.674 18.135 0.005
Pressure of tourniquet, Pa

50~60 2(3.3) 73 (16.8) Reference

75~80 49 (80.3) 281 (64.7) 5.249 1.227 22.458 0.025
Type of surgery

Unilateral TKA 28 (45.9) 308 (71.0) Reference

Bilateral TKA 33 (54.1) 126 (29.0) 2.670 1520 4.690 0.001

metric test or Chi-
square test was us-
ed to detect potenti-
al risk factors of ac-
ute hypotension aft-
er TKA as appropria-
te; Multivariate logis-
tic regression analy-
sis was applied to
determine indepen-

TKA, total knee arthroplasty.

femur and an extramedullary device was used
for the tibia. No patella was resurfaced. Pos-
terior stabilized knee prostheses were used for
the all patients. Drain clamping methods were
performed according to previously reported
methods [5] as follows. Briefly, the tube was
clamped and closed completely for 30 minutes;
then the clamp was partially released until
blood started to flow out. If the flow of blood
ceased, the clamp was partially released until
the blood flowed once again. Finally the clamp
was fully opened. The drains were removed at
48 hours and the volume of fluid at one, two,
and 24 hours was measured. All of the proce-
dures were completed by the same group of
surgeons.

Research index

Anaesthetic technique, intraoperative blood
loss, intraoperative tourniquet use or not was
recorded. Hemoglobin (Hb) and hematocrit (Ht)
levels were measured at 6 and 24 hours post-
operatively. Patients with Hb <80 g/L or those
who have exhibited symptoms of acute anemia
received blood transfusion therapy. The amount
of blood transfused was recorded. Standard
monitoring was used throughout the intraoper-
ative period, including heart rate, heart rhythm,
blood pressure, respiration and oxyhemoglobin
saturation. Hypotension was defined as systol-
ic/diastolic arterial pressure of less than 90/60
mm Hg or a decrease of greater than 30% in
systolic blood pressure compared with preop-
erative control levels.

Statistical analysis

Statistical analysis was done by a person not
involved in patient care. All statistics were per-
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dent risk factors of

acute hypotension af-
ter TKA. Differences were considered statisti-
cally significant when P<0.05.

Results

Sixty one (12.32%) patients finally progressed
to acute hypotension after TKA. They are con-
sisted of 9 males and 52 females with a range
age of 19-81 years. For the analysis of the
related factor of the acute hypotension after
TKA, these 495 patients were subdivided to
two groups: hypotension group (n=61) and non-
hypotension group (n=434). Univariate analysis
showed that preoperative Neu, time of surgery,
time of anesthesia, pressure of tourniquet,
time of using tourniquet, preoperative hyper-
tension, age and type of surgery were signifi-
cant influencing factors (Table 2), whereas by
multivariate analysis, only age, pressure of
tourniquet and type of surgery were significant
influencing factors (Table 3).

Discussion

Analysis of the factors related to acute hypo-
tension after TKA

TKA is a commonly performed procedure to
treat degenerative joint disease after failure of
conservative management. Total knee arthro-
plasty has excellent functional results and is
one of the most successful procedures in medi-
cine. However, many patients often have both
knees involved, resulting in severe disability. In
this study, 495 patients underwent routine
TKA. Among them, 336 patients underwent uni-
lateral TKA and the other 159 patients under-
went bilateral TKA. Many surgeons feel that
there is an increase in complications when
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simultaneous procedures are performed be-
cause of the increased operative time and
blood loss under a single anesthetic. Several
studies have demonstrated a greater incidence
of cardiovascular complications [6-8], pulmo-
nary embolus [9], postoperative neurologic
changes [6, 10], and gastrointestinal complica-
tions [11]. In this study, we sought to determine
if there was a greater danger with respect to
the postoperative hypotension in performing
simultaneous bilateral vs unilateral TKA. In our
study, our results showed a statistically signifi-
cant difference between operation type and
postoperative hypotension, with a higher in-
creased relative risk of postoperative hypoten-
sion when undergoing a bilateral TKA, as com-
pared to the unilateral TKA.

The patient’s age may also be a factor associ-
ated with postoperative hypotension. Elderly
patients, especially complicated with cardio-
vascular disease are more likely to develop
acute hypotension after TKA. In elderly people,
the body cannot effectively regulate the tension
in the blood capillary bed after surgery and the
interstitial fluid cannot be transferred into the
blood vessels in a timely manner [12]. Car-
diovascular system of elderly people likely had
poor stress compensatory ability. This will make
it possible to develop acute hypotension. In
addition, ischemia reperfusion injury after tour-
niquet release can also increase the risk of
hypotension in elderly patients [13, 14]. In the
study, we observed that patients >60 years
had a higher incidence of postoperative acute
hypotension following TKA compared to
patients <60 years, which was consistent with
the previous opinions.

Tourniquets are widely used in total knee
arthroplasty (TKA) [12, 15]. TKA has been
reported to associate with significant blood
loss. Although the tourniquet is widely used by
orthopedic surgeons, its role is controversial
[16]. Several studies have shown that using a
tourniquet in TKA could reduce the total blood
loss [15, 17], while results from others indicat-
ed the opposite [18-22]. Therefore relationship
between the use of tourniquet and the total
blood loss of patients undergoing TKA is still
unclear. In our study, only patients using tourni-
quet during TKA was included due to complete-
ly eliminate the use of tourniquet during TKA
may bring risk. The bone bed may have blood or
fat on its surface and that this might compro-
mise cementation [23]. Increased tourniquet
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time may increase the risk of nerve injury or
other complications [24, 25]. In the current
study, univariate analysis showed that the in-
creased tourniquet time and pressure had no
significant effect on the postoperative hypoten-
sion. Therefore we believe in total knee arthro-
plasty (TKA) tourniquet time or pressure should
be limited or reduced to prevent development
of complications such as hypotension.

Spinal anaesthesia blocks the sympathetic
efferent nerves that release norepinephrine
onto vascular smooth muscle, the sinoatrial
node, the atrioventricular node, the conduction
system and the muscle cells of the heart [26].
The main complication of this anesthetic tech-
nique is intraoperative hypotension, especially
in high-risk elderly patients including those with
known cardiac disease [27]. Epidural anesthe-
sia blocks the sympathetic nervous system
causing resistance and capacity vessel vasodi-
lation. Previous study have suggested a move-
ment of fluid from the interstitial to the intra-
vascular space after epidural anesthesia with
hypotension based on hemoglobin measure-
ments [28]. Acommon physiologic effect of epi-
dural and spinal anesthesia is hypotension,
primarily due to blockade of the sympathetic
nervous system causing arterial and venous
vasodilation with subsequent “functional” hy-
povolemia. In the present study, we observed
that the incidence of the acute hypotension is
statistically higher in patients receiving com-
bined spinal-epidural anesthesia than that in
patients receiving spinal anesthesia.

Nursing strategy

After thoroughly known of the history of disease
and treatment, attention should be paid to
monitor cardiovascular function, Hb and Hct
levels, and coagulation status and hemostasis
risk in patients before surgery. Patients who
have exhibited symptoms of acute anemia
should receive blood transfusion therapy to
reach an Hb level of no less than 80 g/L. In
addition, standard monitoring before surgery
should be used in patients with cardiovascular
disease, including continuous ECG, heart rate,
non-invasive arterial blood pressure.

Postoperatively, detailed information about pa-
tients such as the surgical method, type of
anesthesia, bone cement and tourniquet, tour-
niquet time, surgical time, vital signs change

Int J Clin Exp Med 2015;8(8):13946-13953
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throughout the intraoperative period, and intra-
operative blood loss and transfusion volume
should be assessed by surgeons, anesthetists
and operating room nurse to determine the
suspicious high-risk patients with acute hypo-
tension, particularly patients who had fall of
blood pressure or bradycardia during the su-

rgery.

In addition, after TKA surgery, all patients
should be monitored such as continuous heart
rate, heart rhythm non-invasive arterial blood
pressure, and oxyhemoglobin saturation. Pre-
vious studies reported that arterial blood pres-
sure, heart rate, and oxyhemoglobin saturation
may be used as an effective tool to detect
patients at high risk of acute hypotension [29-
31]. In the study, 61 patients progressed to
acute hypotension after TKA. Among these
patients, 30 cases exhibited signs of increased
heart rate, whereas 13 cases showed de-
creased heart rate. We also observed 9 cases
showed decreased oxyhemoglobin saturation
of at least 85 percent. Among these hypoten-
sive patients, 6 occurred at 3 hours after sur-
gery, while the remaining at 4-8 hours, suggest-
ing that patients should be monitored carefully
within 8 hours after surgery.

Additionally, among the 31 patients, 43 patients
showed excitation, dysphoria, pale and clammy
skin and complained of dizziness and chills
before the falling of the blood pressure. 22
patients experienced nausea and vomiting.
Blood pressure fall was observed after vomit-
ing. 5 patients complained of blurred vision,
blood pressure fall and heart rate reduction.
They are easily cured by atropine and dopa-
mine. If worsen wound or pain from other parts
of the body occurred, care should also be taken
to the possibility of the occurrence of acute
hypotension after surgery.

Postoperative blood routine examination and
arterial blood gas monitoring with appropriate
frequency contribute to the avoidance of the
acute hypotension. For high-risk patients, uri-
nary output should be monitored within 24
hours after surgery. It should be noted that Hb
and Hct levels under the condition of acute
blood loss cannot accurately reflect the volume
of blood loss, because the humoral regulation
has not been mobilized to balance the sharp
blood volume reduction. Therefore, blood pres-
sure, pulse, central venous pressure and some
other related parameters should be overall con-
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sidered to prevent the incidence of the acute
hypotension.

Finally, postoperative exercise such as active
limb movements, active ankle movements, and
isometric contractions of the quadriceps femo-
ris may also contribute to the prevention of
acute hypotension.

Conclusion

An age of more than 60 years, tourniquet pres-
sure, and type of surgery were associated with
postoperative acute hypotension after TKA.
Pre- and postoperative evaluation and continu-
ous monitoring of the vital signs and disease
change contribute to the detection, interven-
tion and salvage for the acute hypotension.
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