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Finding the optimal control level of
intraoperative blood pressure in no
tourniquet primary total knee arthroplasty
combine with tranexamic acid: a
retrospective cohort study which supports
the enhanced recovery strategy
Hao-Yang Wang1†, Ming-cheng Yuan1†, Fu-Xing Pei1, Zong-Ke Zhou1* and Ren Liao2*

Abstract

Background: With the use of tranexamic acid and control of the blood pressure during the operation, total knee
arthroplasty (TKA) without tourniquet can be achieved. There is no exact standard for the control level of blood
pressure during no tourniquet TKA. We explored the optimal level of blood pressure control during no tourniquet
TKA surgery with the use of tranexamic acid in this study.

Methods: Patients underwent TKA were divided into three groups: the mean intraoperative systolic blood pressure
in group A was < 90 mmHg, 90–100 mmHg in group B, > 100 mmHg in group C. Total blood loss (TBL),
intraoperative blood loss, hidden blood loss, transfusion rate, maximum hemoglobin drop, operation time, and
postoperative hospitalization days were recorded.

Results: Two hundred seventy-eight patients were enrolled, 82 in group A, 105 in group B, and 91 in group C.
Group A (663.3 ± 46.0 ml) and group B (679.9 ± 57.1 ml) had significantly lower TBL than group C (751.7 ± 56.2 ml).
Group A (120.2 ± 18.7 ml) had the lowest intraoperative blood loss than groups B and C. Group C (26.0 ± 4.1 g/l)
had the largest Hb change than groups A and B. Group A (62.3 ± 4.7 min) had the shortest operation time. The
incidence rate of postoperative hypotension in group A (8, 9.8%) was significantly greater than groups B and C. No
significant differences were found in other outcomes.

Conclusion: The systolic blood pressure from 90 to 100 mmHg was the optimal strategy for no tourniquet primary
TKA with tranexamic acid.
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Introduction
In recent years, the concept of enhanced recovery after
surgery (ERAS) has been widely used in TKA. The ERAS
protocols can make patients’ perioperative management
much easier: patients with TKA have better recovery,
less blood loss, less pain, and shorter hospital stay but
do not increase the mortality of compilations [1–4].
One of the most important protocols in ERAS of total

knee arthroplasty is non-tourniquet application during the
surgery. Many studies showed that TKA without tourni-
quet can reduce the early postoperative pain and lead to
better rehabilitation without increasing side effects [5–7].
Unlike other surgical procedures, there was no good way
to control bleeding of the bone surface of the femur and
tibia after osteotomy during TKA and this will cause
trouble for non-tourniquet TKA. The use of tranexamic
acid and control of the blood pressure during the oper-
ation are effective methods to reduce the bleeding of the
surgical field [8–10]. The former studies showed that the
use of tranexamic can not only reduce the total blood loss
during the perioperative period but also reduce the intra-
operative blood loss [11, 12]. The mean arterial blood
pressure (MAP) was controlled between 55 and 60mmHg
or even lower during the operation has been recognized as
hypotension anesthesia [13], and this strategy can reduce
the blood loss during the surgery and could provide a
clearer view of the surgery [14–18]. But the hypotension
during the surgery might cause some disadvantages which
contrary to ERAS. Patients under hypotension anesthesia
may have postoperative delirium, acute kidney injury, and
even increase the risk of cardiovascular accidents and
mortality [19–22].
With the ERAS program, patients after TKA require

faster postoperative recovery and fewer complications.
Abandoning the tourniquet will undoubtedly bring a
better surgical experience to the patient and help
them to recover much faster after surgery. The use of
tranexamic acid and control intraoperative blood
pressure are two of the most important strategies to
achieve non-tourniquet TKA. However, it is unclear
that at which level of intraoperative blood pressure
can reduce blood loss without increasing the compli-
cations caused by hypotension anesthesia. We hypoth-
esis that combines with the use of tranexamic acid,
there should be a safe range of blood pressure that
can achieve no tourniquet primary TKA and do not
increase the incidence of complications caused by
hypotension. So we design this research to solve two
problems: (1) the safety and efficacy of control blood
pressure during the operation to achieve no tourni-
quet TKA combine with tranexamic acid; (2) find the
best range of blood pressure during the surgery which
can achieve no tourniquet TKA and not increase the
incidence of complications.

Methods
Study design and participants
This retrospective cohort study was approved by the Re-
gional Ethics Committee of West China Hospital, Si-
chuan University. We recruited consecutive adult
patients (older than 18 years) who were scheduled for
primary unilateral total knee arthroplasty for end-stage
osteoarthritis in the Department of Joint Surgery of
West China Hospital, from June 2018 to July 2019. Ex-
clusion criteria included revision procedures, previous
knee surgery, bilateral procedures at the same term,
flexion deformity of ≥ 30°, varus-valgus deformity of ≥
30°, anemia (hemoglobin [Hb] level of < 12 g/dl for
women and < 13 g/dl for men), contraindications for the
use of TXA (any history of blood clot events within 6
months), American Society of Anesthesiologists (ASA)
grade IV, refractory hypertension (patients whose blood
pressure is still higher than 140/90mmHg after taking
antihypertensive drugs), and coagulation disorders [8].

Preoperative management of coexisting diseases
The patients’ blood pressure was routinely monitored
after admission; the blood pressure exceeding 140/90
mmHg will be intervened, including the operation day.
Patients with the systolic blood pressure of 140–150
mmHg take nifedipine controlled-release tablets (30 mg,
Adalat, Bayer) orally; if the systolic blood pressure rises
to 150–160 mmHg, the angiotensin receptor inhibitor
irbesartan (Aprovel, 150 mg, Sanofi) will be added; and
when the systolic blood pressure exceeds 160 mmHg,
12.5 mg hydrochlorothiazide was given immediately. Pa-
tients with hypertension are permitted to undergo TKA
surgery only if their blood pressure is controlled and
lower than 140/90mmHg. If the patient is identified as
refractory hypertension, the surgery will be canceled. For
patients with cardiovascular and cerebrovascular dis-
eases, and who need to take anticoagulant drugs before
the operation, such as warfarin, oral anticoagulant drugs
are prohibited 7 days before the operation, the low mo-
lecular weight heparin (Clexane, Sanofi) is used for
bridging, the low molecular weight heparin will be
stopped 24 h before the operation, and then continue to
use 6–8 h after the surgery. This strategy not only does
not increase intraoperative bleeding but also ensures the
safety of patients.

Anesthesia
All of the patients in the group were taken the general
anesthesia by the same group of anesthetists. All patients
underwent a saphenous nerve block by using 0.33% ropi-
vacaine 30 ml with the help of ultrasound guidance in
the operation room before general anesthesia. The blood
pressure was recorded using an electrocardiographic
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monitoring real-time recording procedure during
anesthesia.

Groups
We divided the patients into three groups with the
mean systolic blood pressure during the operation by
the results of real-time blood pressure. Patients’ mean
systolic blood pressure less than 90 mmHg was the
standard in group A, from 90 mmHg to 100 mmHg
were in group B, and higher than 100 mmHg were
group C. All of the patients were given the same
strategy during a perioperative period including the
use of tranexamic, the pain management, the rehabili-
tation training, the deep vein thrombosis (DVT)
prophylaxis, and so on.

Surgery and management
All of the surgeries were performed by the same group
of senior doctors. The operations were done in the
standard way, using a midline skin incision, a medial
parapatellar approach. During the surgery, intramedul-
lary guides were used for all femoral preparations, and
extramedullary guides were used for the tibial prepar-
ation. The single brand of cemented posterior-stabilized
prosthesis (DePuy Synthes, Johnson and Johnson) was
used. No tourniquet and postoperative drain were used.
All patients were given 2 g of tranexamic acid intraven-
ous 10 min before the operation and 1 g of tranexamic
acid 3 and 6 h after the operation. They received a
standard analgesia perioperatively [23, 24] including ad-
ductor canal block (30 ml 0.33% ropivacaine) before the
operation and periarticular multi-site infiltration (40 ml
0.25% ropivacaine) before fixing the prosthesis and oral
analgesics. A standardized blood-transfusion protocol
was followed for all patients (consistent with the peri-
operative transfusion guidelines of the Chinese Ministry
of Health); blood transfusion was indicated for a Hb
level of < 70 g/l in asymptomatic patients or a Hb level
of < 100 g/l in patients who developed any anemia-
related organ dysfunction, intolerable symptoms of
anemia, or ongoing hidden blood loss [25]. All of the pa-
tients received thromboembolic prophylaxis according
to a standardized protocol, consisting of a subcutaneous
injection of low molecular weight heparin (LMWH;
Clexane [enoxaparin sodium], 2000 IU) 8 h postopera-
tively and then once daily (4000 IU); besides, rivaroxaban
(10 mg, administered orally) was prescribed for another
10 days after discharge. The patients received mechanical
thromboprophylaxis using a portable intermittent inflat-
able calf pump (Daesung Maref) and lower extremity
strength training on the day after surgery [26]. Both
lower limbs were examined using diagnostic Doppler
ultrasound on postoperative day 14, or earlier if a patient
had symptoms or signs suggestive of DVT. Patients were

ready to be discharged when they had no signs of infec-
tion or other complications, they were eating normally,
walked independently with full weight-bearing, and they
had more than 90° of flexion with a full active extension
of the knee.

Outcome measures
Patient’s demographics including age, sex, ASA (Ameri-
can Society of Anesthesiologists) classification, body
mass index (BMI), predicted blood volume (PBV), and
Hb levels before surgery were collected. The primary
outcome was TBL which was calculated by using the
Gross formula [27]. The secondary outcomes including
the intraoperative blood loss, hidden blood loss (the dif-
ference between total blood loss and intraoperative
blood loss), transfusion rate, maximum Hb drop (the dif-
ference between the preoperative Hb level and the low-
est Hb level recorded postoperatively during the
hospitalization or before any blood transfusion), oper-
ation time, postoperative hospitalization days, and com-
plications were collected for comparison between the
three groups. For safety outcomes, we recorded the com-
plications including the morbidity of postoperative
hypotension (systolic blood pressure lower than 90
mmHg after recovery from anesthesia), DVT, pulmonary
embolism (PE), infection, hematoma, wound secretion,
myocardial infarction, stroke, acute renal failure, 30-day
mortality, and 90-day readmission during the 3 months
follow-up. The DVT of lower limbs were examined
using diagnostic Doppler ultrasound on postoperative
day 14, or earlier if a patient had symptoms or signs sug-
gestive of DVT, such as sudden swelling of the limb. If
the patient suddenly experiences chest discomfort, diffi-
culty breathing, coughing up pink foamy sputum, etc.,
when a pulmonary embolism was suspected, an emer-
gency CTA would be administered to assist in the diag-
nosis. If there is wound exudate, the surgeon takes the
specimen for bacterial culture to exclude infection. If a
hematoma is suspected after the operation, the color
Doppler ultrasound examination will be utilized to con-
firm the diagnosis. All patients have vital signs moni-
tored every day after surgery. On the first day after
surgery, all patients routinely perform renal function
tests and record the amount of urine. Patients with
symptoms (such as tiredness, tightness, and discomfort
in the precordial area) will immediately undergo myo-
cardial enzymology and electrocardiogram examination
to help the doctor determine if the patient has complica-
tions such as myocardial infarction and renal failure.
Once the complication is diagnosed, the physician will
deal with the patient. Every month after the operation,
the patient will need to get to the outpatient clinic for
follow-up. Data on the 30-day mortality and the 90-day
readmission will be recorded. Regarding knee function,
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the visual analog scale (VAS), range of motion (ROM),
and Hospital for Special Surgery (HSS) score were used.

Statistical analysis
The sample size was calculated by the primary outcome,
total blood loss. Based on the previous study [28], for
90% power and a significance level of 0.05, 47 patients
were needed in each group. Continuous data are pre-
sented as the mean and standard deviation (SD). Cat-
egorical data are shown as the number and percentage.
A 1-way analysis of variance (ANOVA) with post hoc
Tukey test was used for normally distributed continuous
variables, and the Kruskal-Wallis analysis with post hoc
Nemenyi test was used for skewed continuous variables.
Chi-square or Fisher’s tests were applied for categorical
variables. Significance was established at the level of p <
0.05. Statistical analyses were performed using SPSS
(version 22.0; IBM).

Results
Between June 2018 and July 2019, a total of 322 patients
scheduled for a primary unilateral TKA were screened,
44 patients were excluded, and the remaining 278 eli-
gible participants were enrolled. These patients were di-
vided into three groups based on their intraoperative
systolic blood pressure: 82 in group A, 105 in group B,

and 91 in group C. No patient was lost or excluded dur-
ing follow-up (Fig. 1). There were no significant differ-
ences between the demographic details and the
preoperative variables between the groups (Table 1)
Patients in group A (663.3 ± 46.0 ml) and group B

(679.9 ± 57.1 ml) had significantly lower mean TBL than
group C (751.7 ± 56.2 ml), but there was no difference
between group A and group B. With the lowest intraop-
erative systolic blood pressure, the patients in group A
(120.2 ± 18.7 ml) had the lowest intraoperative blood
loss among the three groups; the intraoperative blood
loss in group B (131.0 ± 16.3 ml) was significantly higher
than group A but significantly lower than group C
(209.3 ± 20.1 ml). No significant differences were ob-
served among the three groups when we compared the
hidden blood loss. Group C (26.0 ± 4.1 g/l) had the lar-
gest Hb change than group A (22.5 ± 4.7 g/l) and group
B(23.1 ± 2.9 g/l) (Table 2)
For other observation indicators, there were no sig-

nificant differences among the three groups when
compared to the transfusion rate, hospital stay after
surgery, ROM of the knee of the operation side at
discharge, HSS score, and VAS at 3M postoperative.
However, group A (62.3 ± 4.7 min) had the shortest
operation time than group B (65.7 ± 4.1 min) and
group C (66.9 ± 4.2 min) (Table 2)

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) flowchart of the study
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For the complications, the rate of patients with post-
operative hypotension in group A (8 patients, 9.8%) was
significantly higher than that in group B (1, 1%) and C
(1, 1.1%). The cause was unclear but may be related to
the low intraoperative blood pressure. Hypotension in
these patients had lasted for about 2–3 days, and some
patients need to use blood pressure drugs such as ephe-
drine to maintain blood pressure; this condition signifi-
cantly affected patients’ postoperative recovery. There
were no significant differences in the incidence of other
complications between the three groups. (Table 3)

Discussion
The use of tranexamic acid and controlled intraoperative
hypotension have great importance in the field of joint
replacement which facilitates the no tourniquet TKA.
Previous literature reported that in the absence of these
two techniques, the blood loss in primary unilateral total
knee replacement surgery could exceed 1500 ml [29–32].

Although the use of tourniquets can reduce blood loss
during TKA surgery, making the field clearer, it does not
reduce the TBL during the perioperative period [7, 33].
Furthermore, the tourniquet could cause the pain of the
thigh, the tourniquet paralyzes and increase the swell of
the lower limb, and all of these side effects can limit the
patients’ postoperative recovery [34–36]. How to obtain
a good surgical field while abandoning the tourniquet
without increasing the perioperative blood loss? Zhou
et al. found that the use of tourniquet in the TKA sur-
gery could reduce the blood loss during the operation
and shorten the operation time; however, patients with
non-tourniquet surgery have less postoperative pain and
faster recovery [7]. Huang et al. found that the use of
tranexamic acid could effectively reduce the periopera-
tive blood loss of TKA; the use of tourniquet does not
affect the total perioperative blood loss [8]. A meta-
analysis of 13 randomized controlled trials showed that
patients in total knee arthroplasty surgery without

Table 1 Baseline characteristics and perioperative demographics

Variable Group A (N = 82) Group B (N = 105) Group C (N = 91) P value*

Patient characteristics

Age (year)b 66.7 ± 7.6 67.0 ± 7.0 67.3 ± 10.1 0.89

Gender (male/female)a 10/72 20/85 16/76 0.44

BMI (kg/m2)b 25.1 ± 3.7 25.7 ± 3.6 25.6 ± 3.4 0.46

ASA classification (N, %)a 0.41

I 15 (18.3) 24 (22.9) 20 (22.0)

II 50 (61.0) 69 (65.7) 53 (58.2)

III 17 (20.7) 12 (11.4) 18 (19.8)

Operated side (L/R)a 39/43 49/56 47/44 0.77

Concomitant diseases

Hypertension (N, %)a 15 (18.3) 25 (23.8) 19 (20.9) 0.66

Diabetes (N, %)a 3 (3.7) 9 (8.6) 8 (8.8) 0.34

Chronic renal dysfunction (N, %)a 1 (1.2) 1 (1.0) 2 (2.2) 0.75

Heart disease (N, %)a 2 (2.4) 2 (1.9) 1 (1.1) 0.80

Preoperative laboratory values

Hemoglobin (g/l)b 133.1 ± 8.9 132.3 ± 11.1 132.5 ± 12.3 0.72

Hematocrit (%)b 41.5 ± 3.1 41.1 ± 3.4 40.9 ± 3.1 0.46

Platelet count (× 109/l)b 180.6 ± 45.9 184.7 ± 37.9 191.0 ± 50.1 0.79

APTT (s)b 30.0 ± 4.5 29.4 ± 4.1 30.2 ± 4.5 0.40

International normalized ratio (INR)b 1.01 ± 0.12 1.00 ± 0.32 1.02 ± 0.21 0.41

PBV (l)b 3710.9 ± 459.3 3740.1 ± 501.8 3792 ± 498.2 0.86

Preoperative knee function

ROM (°)b 93.2 ± 15.3 95.1 ± 18.2 94.6 ± 16.2 0.89

HSS scoreb 45.7 ± 13.2 46.8 ± 12.2 46.9 ± 9.9 0.41

VAS pain scoreb 4.8 ± 0.9 4.9 ± 1.0 4.7 ± 1.2 0.91

BMI body mass index, ASA American Society of Anesthesiologists, APTT activated partial thromboplastin time, PBV patient’s blood volume, ROM range of
motion, HSS Hospital for Special Surgery score, VAS visual analog scale
aData are presented as number of patients with percentage
bData are presented as mean ± standard deviation
*P values were calculated using 1-way ANOVA, the Pearson chi-square test, or the Fisher exact test
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tourniquet have better clinical outcomes, fewer compli-
cations, and better knee joint function in the early post-
operative period; the use of tourniquet did not reduce
the total blood loss [37]. However, there were some
other studies that had an opposite conclusion on blood
loss with the use of tourniquet [38], but it still does not
change the fact that the tourniquet is gradually aban-
doned in total knee replacement surgery.
Hypotension anesthesia was another way that could

reduce blood loss and was first reported by Sharrock.
They used epidural anesthesia to control intraoperative
blood pressure to reduce intraoperative blood loss [39].
Harald et al. found that using hypotension anesthesia to
regulate intraoperative blood pressure and control the

mean arterial pressure (MAP) at 50–55mmHg, no tour-
niquet TKA surgery could achieve a similar intraopera-
tive blood loss and a dry operation field as using
tourniquet [40]. Further research found that hypotension
anesthesia not only reduced intraoperative blood loss
but also decreased postoperative recessive blood loss
with the phenomenon of spill-over hypotensive effect
[41]. Some other studies even found that hypotension
anesthesia could reduce the risk of DVT [42].
Regardless of the fact that hypotensive anesthesia has

so many advantages, we still cannot ignore the adverse
events caused by the relatively low blood pressure intra-
operatively. Lands et al. reported that lower blood pres-
sure could increase the risk of perioperative acute

Table 3 Complications

Variable No. of Patients P value*

Group A (N = 82) Group B (N = 105) Group C (N = 91) A vs. B vs. C A vs. B A vs. C B vs. C

Postoperative hypotension (N, %)a 8 (9.8) 1 (1.0) 1 (1.1) 0.002 0.005 0.01 0.919

Deep vein thrombosis (N, %)a 0 0 0 NA

Pulmonary embolism (N, %)a 0 0 0 NA

Superficial infection (N, %)a 0 0 0 NA

Deep prosthetic infection (N, %)a 0 0 0 NA

Hematomas (N, %)a 0 0 1 (1.1) 0.357 NA 0.341 0.282

Wound secretion (N, %)a 1 (1.2) 1 (1.0) 1 (1.1) 0.984 0.86 0.941 0.919

Myocardial infarction (N, %)a 0 0 0 NA

Stroke (N, %)a 1 (1.2) 0 0 0.301 0.257 0.291 NA

Acute renal failure (N, %)a 0 0 0 NA

30-day mortality (N, %)a 0 0 0 NA

90-day readmission (N, %)a 0 0 0 NA
aData are presented as number of patients with percentage
*P values were calculated using the Pearson chi-square test or the Fisher exact test

Table 2 Intraoperative and postoperative outcomes

Variable Mean and standard deviation P value*

Group A (N = 82) Group B (N = 105) Group C (N = 91) A vs. B vs. C A vs. B A vs. C B vs. C

Total blood loss (ml)b 663.3 ± 46.0 679.9 ± 57.1 751.7 ± 56.2 < 0.001 0.091 < 0.001 < 0.001

Intraoperative blood loss (ml)b 120.2 ± 18.7 131.0 ± 16.3 209.3 ± 20.1 < 0.001 < 0.001 < 0.001 < 0.001

Hidden blood loss (ml)b 543.1 ± 50.8 548.9 ± 60.4 542.4 ± 60.1 0.682 0.772 0.996 0.706

Maximum Hb change (g/l)b 22.5 ± 4.7 23.1 ± 2.9 26.0 ± 4.1 < 0.001 0.603 < 0.001 < 0.001

Duration of surgery (min)b 62.3 ± 4.7 65.7 ± 4.1 66.9 ± 4.2 < 0.001 < 0.001 < 0.001 0.124

Patients transfused (N, %)a 0 (0) 1 (1.0) 1 (1.1) 0.651 0.376 0.341 0.919

Hospital stay after surgery (day)b 3.2 ± 0.7 2.9 ± 1.0 3.1 ± 1.3 0.250 0.252 0.901 0.470

Range of motion at discharge (°)b 110.7 ± 7.1 109.3 ± 13.4 109.1 ± 8.5 0.252 0.224 0.55 0.824

HSS score at 3Mb 85.4 ± 2.9 85.9 ± 2.1 85.2 ± 3.1 0.264 0.456 0.956 0.276

VAS score at 3Mb 1.1 ± 0.8 1.0 ± 0.7 1.0 ± 0.7 0.478 0.604 0.485 0.97

HSS Hospital for Special Surgery score, VAS visual analog scale
aData are presented as number of patients with percentage
bData are presented as Mean ± standard deviation
*P values were calculated using 1-way ANOVA and the Tukey post hoc multiple comparison test for independent means for continuous variables and the Pearson
chi-square test or the Fisher exact test for independent proportions among the 3 groups
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kidney injury [43]. Walsh et al. found that intraoperative
blood pressure levels and duration were associated with
postoperative complications; the lower the intraoperative
blood pressure level and the longer the duration of
hypotension caused a higher risk of acute kidney injury
and myocardial injury in patients after non-cardiac sur-
gery, especially when the MAP lower than 55 mmHg
[44]. Wesselink et al. pointed out in a meta-analysis that
long-term low blood pressure during surgery would in-
crease the risk of post-operative organ damage, espe-
cially acute kidney injury and heart damage [22].
Hypotensive anesthesia has certain risks, so it is un-

wise to reduce blood loss by reducing intraoperative
blood pressure during the operation. According to the
results of Lee’s study, the blood loss and blood transfu-
sion rate were significantly lower in patients who under-
went total hip replacement with hypobaric anesthesia
combined with the use of tranexamic acid than the sim-
ple reduction of intraoperative blood pressure [15].
Juelsgaard reported that although the total blood loss of
TKA with hypotension anesthesia (mean arterial pres-
sure 48 mmHg) was reduced by nearly 800 ml, it was still
as high as 1056ml [9]. Huang found that the use of tran-
examic acid can reduce blood loss by more than half for
TKA. Controlled hypotension combined with tranex-
amic acid should achieve better results than any of the
solutions alone [8]. Our study also showed that peri-
operative use of tranexamic acid combined with con-
trolled hypotension in the operation could reduce the
perioperative blood loss to 660–750 ml in TKA, which is
much lower than the 1056ml of using hypotension
anesthesia only. In clinical observation, we found that
tranexamic acid and controlled hypotension play differ-
ent roles in reducing perioperative blood loss in TKA.
Tranexamic acid can effectively reduce intraoperative
soft tissue bleeding and postoperative hidden blood loss
through antifibrinolysis. TKA surgery requires osteot-
omy of the femur and tibia, while tranexamic acid has
little effect on reducing bleeding on the bone surface. In
clinical practice, we found that when systolic blood pres-
sure is lower than 100 mmHg, there is less bleeding on
the bone surface after osteotomy. When the systolic
blood pressure is higher than 100 mmHg, the bone sur-
face bleeding is significantly increased. After grouping
patients according to the average systolic blood pressure
during operation, it was found that the total blood loss
in group A (663.3 ± 46.0 ml) was the lowest, followed by
679.9 ± 57.1 ml in group B and 751.7 ± 56.2 ml in group
C. Due to the same strategy of tranexamic acid, there
was almost no difference in the hidden blood loss among
the three groups. The intraoperative blood loss in group
C with the highest mean systolic blood pressure (> 100
mmHg) was 209.3 ± 20.1 ml, which was significantly
higher than that in groups A and B (P < 0.001). The use

of tranexamic acid combined with controlled
hypotension could significantly reduce intraoperative
blood loss, especially the bone surface bleeding, achiev-
ing comparable surgical field with hypotensive
anesthesia and support for the no tourniquet TKA.
In the analysis of the operation and follow-up data of

the three groups, we found that there was no significant
difference among the three groups in postoperative hos-
pital stay, knee joint function, and pain score, but the
operation time of group A (62.3 ± 4.7 min) was signifi-
cantly shorter than that of group B (65.7 ± 4.1 min) and
group C (66.9 ± 4.2 min). This may be due to the lowest
blood pressure during the operation and the decrease of
soft tissue and bone surface bleeding. The surgeon could
save 3–5 min to stop the bleeding. Although the oper-
ation time was the shortest in the group A, the percent-
age of patients with postoperative hypotension (9.8%)
was significantly higher than that in group B (1.1%) and
group C (1.1%). Postoperative hypotension seriously af-
fected the postoperative recovery of these patients. Gen-
erally speaking, the incidence of postoperative
hypotension increases when the intraoperative systolic
blood pressure control is lower than 90mmHg, and the
blood loss increases when the systolic blood pressure is
higher than 100mmHg, so the average systolic blood
pressure control level of 90–100 mmHg is the most
ideal, which can effectively reduce perioperative blood
loss in TKA without increasing the incidence of
complications.
One of the purposes of our design of this study is to

observe whether it is possible to achieve safer controlled
hypotension by applying tranexamic acid, rather than
directly implementing hypotension anesthesia. In fact, in
our institution, by applying tranexamic acid, it is not ne-
cessary to reduce the patient’s blood pressure to the real
hypotension anesthesia when completing the TKA with-
out a tourniquet. The patient also did not have compli-
cations such as acute renal failure and myocardial
infarction caused by intraoperative hypotension. We
hope to introduce our experience to joint surgeons all
over the world through this paper. We give full confi-
dence that according to our clinical experience, for knee
replacement surgery, hypotensive anesthesia may be-
come history, and the controlled hypotensive combin-
ation of tranexamic acid will be more advantageous.
Although our study fills the gap in the optimal blood

pressure control level in the field of non-tourniquet knee
replacement, our research still has limitations. First of
all, as this study was observational, no specific care
protocol was enforced regarding the management of
anesthesia or surgical, and we were unable to evaluate
the impact of preoperative comorbidity, the intraopera-
tive temperature, and the sequence of operations, be-
cause of data measurement variations; second, we did
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not have arterial blood pressure with arterial
catheterization, although arterial catheters monitoring
blood pressure is more accurate from an ethical perspec-
tive, not every patient require arterial puncture for inva-
sive blood monitoring, and non-invasive cuff blood
pressure measurement could meet the need for intraop-
erative monitoring of patients; third, this study is a pro-
spective but non-randomized cohort study, which is not
as good as RCT in the level of evidence. However, be-
cause there are no good means to smoothly control the
intraoperative blood pressure of patients under general
anesthesia, prospective but non-randomized studies are
relatively suitable research methods. Our findings are
clinically instructive and will help the surgeons to guide
the blood pressure levels after general anesthesia in the
operation room to finish the non-tourniquet TKA.

Conclusion
In conclusion, maintaining the systolic blood pressure at
90–100 mmHg during the surgery combined with tran-
examic acid was the optimal strategy for the non-
tourniquet primary TKA. This strategy could effectively
reduce blood loss without increasing the incidence of
postoperative complications and would be conducive to
the recovery of patients after surgery.
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