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Changes in liver and kidney function, red blood cell count and hemoglobin
levels 1day after ultrasound-guided percutaneous microwave ablation for

uterine fibroids

Xiao-Yu Huang, Qin-Sheng Lu, Shao-Ping Wu, Han-Ming Huang and Yong-Fa Zhang

Department of Anesthesiology, Second Affiliated Hospital of Shantou University Medical College, Shantou, Guangdong Province, China

ABSTRACT

Objective: To investigate the changes in liver and kidney function, red blood cell (RBC) count and
hemoglobin (HGB) levels in patients undergoing ultrasound-guided percutaneous microwave ablation
(UPMWA) for uterine fibroids on postoperative day 1.

Methods: The changes in liver and kidney function, RBC count and HGB levels in 181 patients who
underwent selective UPMWA in the Second Affiliated Hospital of Shantou University Medical College,
China, between August 2017 and January 2023 were retrospectively analyzed.

Results: All patients underwent UPMWA for uterine fibroids; 179 patients had multiple uterine fibroids
and 2 patients had single uterine fibroids. The maximum fibroid diameter ranged from 18 to 140mm,
with an average of 68.3mm. Ultrasound imaging was used to confirm that the blood flow signal within
the mass had disappeared in all patients, indicating that the ablation was effective. Within 24h,
compared with before UPMWA, levels of total bilirubin, direct bilirubin, indirect bilirubin and aspartate
aminotransferase had significantly increased (p<0.01), whereas levels of total protein, aloumin, globulin,
alanine aminotransferase, creatinine and urea had significantly decreased (p<0.01). Acute kidney injury
(AKI) occurred in 1 of the 181 patients. The RBC count and HGB levels decreased significantly after
UPMWA (p<0.01).

Conclusion: Ultrasound-guided percutaneous microwave ablation for uterine fibroids can impose a
higher detoxification load on the liver and cause thermal damage to and the destruction of RBCs within
local circulation, potentially leading to AKI. Protein levels significantly decreased after UPMWA. Therefore,
perioperative organ function protection measures and treatment should be actively integrated into
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clinical practice to improve prognosis and enhance recovery.

Background

Ultrasound-guided  percutaneous  microwave ablation
(UPMWA) is a minimally invasive treatment method. However,
it can induce thermal denaturation and coagulative necrosis
of the target tissues because ablation electrodes are inserted
into the target lesions under ultrasound guidance at a tem-
perature of 60°C-100°C and are eventually absorbed by the
organism. This method has been widely used for the treat-
ment of benign and malignant tumors of the liver, kidney,
uterus and other organs [1-5]. However, UPMWA has also
been observed to result in acute kidney injury (AKI) [6-8].
According to previous studies, the incidence of AKI is 1.5%
after liver thermal ablation [9], but it increases to 23.6%
when the tumor volume is >5cm [10]. Given that uterine
fibroids are often multiple and massive, treating them with
UPMWA can involve prolonged thermal ablation, leading to
the formation of a substantial amount of coagulative necrotic
tissue. However, reports on the impact of UPMWA on liver
and kidney function or on red blood cell (RBC) count and

hemoglobin (HGB) levels are limited. The aim of this study is
to provide valuable insights into perioperative organ function
protection and the prediction of risks associated with UPMWA.

Materials and methods
Patients

The clinical data of 247 patients who underwent UPMWA in
the Second Affiliated Hospital of Shantou University Medical
College, China, between August 2017 and January 2023
were retrospectively analyzed. In this study, changes in liver
and kidney function, RBC count and HGB levels after
UPMWA were investigated. The inclusion criteria for patients
were as follows: 1. patients scheduled for UPMWA therapy
for uterine fibroids; 2. patients older than 18years; 3.
absence of any malignancy or haematological diseases; 4.
completion of blood, liver function and kidney function
tests before the operation and on day 1 after ablation; 5.
normal liver and kidney function test results; 6. no prior
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treatment for uterine fibroids. Exclusion criteria: 1. history of
rapid enlargement of uterine fibroids within a short time-
frame (with the possibility of malignant degeneration of
uterine fibroids); 2. serious insufficiency of the heart, liver,
kidney and other vital organs; 3. pelvic infection or adhe-
sion; 4. children and women who are menstruating, breast-
feeding, pregnant or postmenopausal; 5. cognitive
impairment; 6. abnormal blood coagulation; 7. history of
myoma interventional and surgical operations. Prior to
treatment, all patients provided informed consent through a
preoperative consent form. This study was approved by the
Clinical Ethics Committee of the Second Affiliated Hospital
of Shantou University Medical College (ethical approval
number: 2022-38).

Preparation and tests

Before the operation, a comprehensive set of examinations
was conducted, including computed tomography scan and

Figure 1. Study design flow chart.

ultrasound of the uterus, as well as liver and kidney function
and blood tests. Patients with preexisting conditions, such as
hypertension, diabetes and coronary diseases or other comor-
bidities, underwent consultation and specialized treatment
with relevant specialists. On day 1 following ablation, postop-
erative follow-up blood tests were performed, and any signif-
icant abnormalities were promptly identified and treated
(Figure 1).

Anesthesia procedures

As per the guidelines, patients were instructed to adhere to
an 8-h solid food fasting and 2-h liquid fasting regimen prior
to surgery. Intraoperative and postoperative fluid rehydration
therapy was continued. No preoperative medications were
administered. Ultrasound-guided percutaneous hysteromy-
oma microwave ablation procedures were performed under
general endotracheal anesthesia. To reduce the effects of the
anesthetic drugs on liver and kidney function, intravenous



induction involved the administration of midazolam (0.05-
0.1mg/kg), propofol (2-3mg/kg), fentanyl (2-3pg/kg) or
sufentanil (0.3-0.5pg/kg), along with cis-atracurium (0.15mg/
kg) for neuromuscular blockade. Following tracheal intuba-
tion, patients were mechanically ventilated. Anesthesia was
maintained through a continuous infusion of propofol
(6-12mg/kg/h), remifentanil (0.05-1 pug/kg/min) and
cis-atracurium (0.05mg/kg/h). All patients were treated with
drugs after hepatorenal dysfunction was identified. Patients
with renal insufficiency underwent a furosemide diuresis and
sodium bicarbonate injection of alkalized urine. Patients with
abnormal liver function were treated with sodium glucuronic
acid injection or magnesium isoglycyrrhizinate injection.

Surgical procedures

Under the guidance of an RS80A ultrasound diagnostic
instrument (Samsung Medison), artificial ascites was gener-
ated by a continuous drip of sterilized distilled water through
a puncture needle. This technique aimed to create a barrier
to thermally isolate the intestines. Similarly, a puncture nee-
dle was inserted into the uterine cavity to protect the endo-
metrium. The percutaneous placement of electrodes (Model:
ECO-100AI8, Nanjing Yigao Microwave System Engineering
Company, Nanjing, China) at the uterine fibroids was per-
formed, followed by multipoint ablations using a microwave
therapy instrument (Model: ECO-100Al, Nanjing Yigao
Microwave System Engineering Company) with a power
range of 40-60W. Each ablation point lasted between 3 and
10min until complete coverage of the fibroids was achieved.
Ultrasound imaging was employed to confirm the absence of
blood flow signals within the mass and assess the effective-
ness of the ablation. Subsequently, the artificial ascites were
withdrawn using suction.

Assessment indicators

1. Change in liver function

Prior to and on the morning of postoperative day 1 following
UPMWA, a routine fasting blood sample was collected to eval-
uate the levels of various liver function parameters, including
total protein (TP), albumin (ALB), globulin (GLB), total bilirubin
(T-Bil), direct bilirubin (D-Bil), indirect bilirubin (I-Bil), aspartate
aminotransferase (AST) and alanine aminotransferase (ALT).

2. Change in kidney function

Similarly, a fasting blood sample was collected to assess the
levels of urea (UREA) and creatinine (Cr) before the procedure
and on the morning of postoperative day 1 following UPMWA.
The diagnosis of AKI was based on the criteria outlined in the

Table 1. Comparison Of liver function before and after UPMWA.
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2012 KDIGO Clinical Practice Guideline for Acute Kidney Injury
[11]. Acute kidney injury was diagnosed if any of the following
conditions were met: 1) an increase in Cr levels >26.5umol/L
within 48h; 2) Cr levels exceeding 1.5 times the baseline value
within 7days; 3) urine output below 0.5ml/(kg-h) for 6h.

3. Change in red blood cell count and hemoglobin levels
The RBC count and HGB levels were assessed by collecting a
fasting blood sample before the procedure and on the morn-
ing of postoperative day 1 following UPMWA.

Statistical analysis

The data were analyzed using SPSS software, version 22.
Paired t-tests were employed to compare variables. Statistical
significance was determined using a p-value <0.05.

Results
1. General clinical data of the patients

This study included 181 patients, 179 with multiple uterine
fibroids and 2 with single uterine fibroids. The age range was
22-52years, with an average of 42years. Their weight ranged
from 40 to 87.5kg, with an average of 57.6kg. The maximum
fibroid diameter ranged from 18 to 140mm, with an average of
68.3mm. All patients underwent UPMWA for uterine fibroids,
and ultrasound imaging confirmed that the blood flow signal
in the mass had disappeared, indicating that ablation was
effective.

2. Comparison of liver function before and after
ultrasound-guided percutaneous microwave ablation

Following UPMWA, a significant decrease in the levels of TP,
ALB, GLB and ALT (p<0.01) and a significant increase in the
levels of T-Bil, D-Bil, I-Bil and AST (p<0.01) was observed
(Table 1). The liver function indexes of most patients (n=174)
were within the normal range, and patients with abnormal
indexes (n=7) were treated with sodium glucuronic acid
injection or magnesium isoglycyrrhizinate injection for liver
protection; these indexes generally returned to normal on
postoperative day 5.

3. Comparison of kidney function before and after
ultrasound-guided percutaneous microwave ablation

Among the 181 patients enrolled in the study, only 1 devel-
oped AKI. This was characterized by an increase in Cr levels

Covariates (N=181) UPMWA Before (x+s) UPMWA After(x+s) Pairs of variances 95%(Cl T-value p-value
TP(g/L) 75.32+5.12 61.57+5.19*% 13.74+598 12.87-14.62 30.89 <0.001
ALB(g/L) 44,28 +2.95 35.54+2.84* 8.74+3.56 8.21-9.26 33.01 <0.001
GLB (g/L) 30.98+3.67 26.03+3.37* 495+2.90 4,52-5.37 22.95 <0.001
TBil(umol/L) 10.76 +3.78 18.22+9.31* -7.46+7.48 —8.55- —6.36 -13.41 <0.001
DBil(umol/L) 2.08+£1.02 3.22+1.46* -1.14+£1.36 -1.34- -0.94 -11.27 <0.001
IBil(umol/L) 8.67+3.14 14.99 +8.02* —6.31+6.54 —7.27- =535 -12.98 <0.001
ALT(U/L) 16.32+10.04 12.81+6.45* 3.50+£5.92 2.63-4.37 7.96 <0.001
AST(U/L) 18.71+6.09 25.55+10.73* —6.83+9.98 —-8.30- —5.37 -9.21 <0.001

"p<0.05, as determined by a t-test comparing the values before and after UPMWA, UPMWA: ultrasound-guided percutaneous microwave ablation.
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Table 2. Comparison of kidney function before and after UPMWA.

Covariates UPMWA UPMWA

(N=181) Before (x+s) After(x+s) Pairs of variances 95%Cl T-value p-value
UREA(mmol/L) 4.38+1.04 4.05+1.32% 0.32+1.43 0.10-0.53 3.102 0.002

Cr(umol/L) 69.81+9.05 66.99+11.63* 2.82+11.23 1.17-4.46 3377 0.001

"p<0.05, as determined by a t-test comparing the values before and after UPMWA, UPMWA: ultrasound guided percutaneous microwave ablation.

Table 3. Comparison of RBC and HGB levels before and after UPMWA.

Covariates (N=181) UPMWA Before (x+5s) UPMWA After(x+s) Pairs of variances 95%(Cl T-value p-value
RBC(x10'%/L) 430+0.45 4.01+0.45% 0.28+0.38 0.23-0.34 10.12 <0.001
HGB(g/L) 108.64+22.24 101.49+£19.76* 7.14£10.35 5.62-8.66 9.27 <0.001

"p<0.05, as determined by a t-test comparing the values before and after UPMWA, UPMWA: ultrasound guided percutaneous microwave ablation.

Figure 2. The comparison of the values of liver function before and after UPMWA. (*p <0.05, as determined by a t-test comparing the values before and after

UPMWA).

from 653 to 171umol/L and UREA levels from 4.63 to
9.35mmol/L early in the morning of the day after UPMWA,
with Cr levels of 280umol/L and UREA levels of 10.9mmol/L
2days after ablation. After diuresis using furosemide and the
alkalinisation of urine with sodium bicarbonate injection, the
Cr and UREA levels were successfully reduced, eventually
returning to normal by postoperative day 16. Overall, a
significant decrease in Cr and UREA levels after UPMWA
(p<0.01) was identified (Table 2).

4. Comparison of red blood cell count and hemoglobin
levels before and after ultrasound-guided percutaneous
microwave ablation

Data analysis revealed a statistically significant decrease in
the RBC count and HGB levels after UPMWA (p<0.01)
(Table 3).

Discussion

Uterine fibroids are the most prevalent benign tumors in
women. In current clinical practice, the conventional surgical
approach is being increasingly supplanted by minimally inva-
sive and highly efficient thermal ablation procedures, which
can also preserve patients’ reproductive and endocritic func-
tion [12]. Ultrasound-guided percutaneous microwave abla-
tion is not limited by the size or location of the lesion. It can
establish a high-temperature thermal field in the target area
through rapid heating and a short treatment duration,

Figure 3. The comparison of the values of RBC and HGB before and after
UPMWA. (*p <0.05, as determined by a t-test comparing the values before and
after UPMWA).

making it particularly suitable for managing large-volume
tumors [13-17]. However, case reports have highlighted
potential organ function impairment during UPMWA, leading
to prolonged hospital stays and suboptimal postoperative
recovery [9,10,12,18].

In this study, a retrospective analysis of clinical data from
181 patients who underwent UPMWA for uterine fibroids was
performed. Following UPMWA treatment, a significant
increase in T-Bil, D-Bil, I-Bil and AST levels (Figure 2) was
identified, and a significant decrease in the levels of ALT, pri-
marily present in hepatocytes, was observed. Additionally,
the RBC count and HGB levels decreased (Figure 3), clearly
indicating thermal damage to RBCs within local circulation



during thermal ablation [10]. These findings suggest that
although thermal ablation does not directly damage liver
cells, the absorption of necrotic tissue, along with the ther-
mal destruction and increased hemolysis of RBCs within local
circulation, contributes to an increased detoxification load on
the liver.

In this study, after UPMWA, TP, ALB and GLB levels
decreased, which is a novel finding in cases of thermal abla-
tion treatment. Since the blood samples were obtained on
the day following UPMWA, the decrease in TP levels within
such a short timeframe cannot be attributed to liver protein
synthesis inhibition or increased body catabolism after acute
injury. This decrease may be attributed to the thermal dam-
age of protein within local circulation or the increased per-
meability of local vascular and cellular membranes following
thermal injury, leading to the osmotic transfer of intravascu-
lar fluid and protein. Further studies are needed to elucidate
the exact mechanisms underlying these protein changes and
to explore potential strategies for minimizing their impact
during UPMWA procedures.

After thermal ablation, the reabsorbed necrotic tissue,
toxins and free HGB in circulation can undergo hepatic
metabolism before being filtered through the glomerulus.
Especially in an acidic environment, these substances are
prone to deposition at renal tubules, leading to blockages
and potential kidney injury. Studies have demonstrated that
free HGB can trigger oxidative stress and disrupt the barrier
function of renal tubular epithelial cells [19,20]. Moreover,
an increased concentration of free HGB is considered an
independent risk factor for AKI [21,22]. In this study, among
the 181 patients who underwent UPMWA, 1 patient experi-
enced AKI. This is consistent with other reports on the post-
operative incidence of AKI after uterine fibroid thermal
ablation [6,7] and is a notably lower AKI incidence rate than
that reported after microwave ablation for hepatic tumors
[9,10,22]. This association has been attributed to the rich
blood supply in the liver and thermal hemolysis. However,
in the statistical analysis of all cases in this study, a signifi-
cant decrease was observed in both Cr and UREA levels
after UPMWA (Figure 4). Further analysis revealed that the
patient who developed AKI postoperatively was one of the
early cases in our hospital undergoing UPMWA for uterine
fibroids and did not receive any specific perioperative pro-
tective measures. Consequently, preventive strategies were
applied to subsequent cases, which can be summarized as

Figure 4. The comparison of the values of kidney function before and after
UPMWA. (*p <0.05, as determined by a t-test comparing the values before and
after UPMWA).
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follows: 1. administration of diuretics, such as furosemide
and low-dose sodium bicarbonate, to alkalize urine during
the ablation procedure, aiming to prevent deposition and
blockage in the renal tubules; 2. implementation of rapid
intraoperative fluid replacement to dilute circulating blood,
thereby reducing cell injury resulting from thermal ablation
and improving renal perfusion; 3. continuous infusion of
cooled saline into the abdominal and uterine cavities to
mitigate thermal damage to RBCs, tissues and organs (tem-
perature monitoring and hypothermia prevention should be
carefully observed during the procedure); 4. use of anesthe-
sia drugs with little effect on liver and kidney function
during surgery. Fentanyl is hydrolyzed by nonspecific ester-
ase and therefore has no obvious effect on the liver func-
tion of patients, and propofol can protect liver cells by
removing oxygen free radicals. In addition, the decomposi-
tion of atracurium is mainly eliminated by the Hofmann
effect, and its action time is not affected by liver and kidney
function. The decrease in Cr and UREA levels observed in
this study may be attributed to the implementation of these
preventive strategies during UPMWA.

This study has several limitations. First, it is a single-centre
and retrospective study with a relatively small sample size,
which may introduce potential biases and limit the general-
izability of the findings. Moreover, the postoperative data
were collected only on day 1 following UPMWA and there-
fore lack the continuous and dynamic monitoring of out-
come measures. To strengthen the conclusions drawn from
this study, future research should focus on multi-centre,
large-scale, prospective studies with long-term follow-up to
provide additional evidence.

In summary, UPMWA for uterine fibroids should be con-
ducted prudently to avoid its metabolic burden on the liver,
thermal damage to the RBC count and protein levels within
local circulation, and the potential development of AKI. The
implementation of preventive strategies such as local cool-
ing, urine alkalization and the appropriate use of diuretics is
essential to safeguard organ function and tissue integrity.
Furthermore, close attention should be given to the
decrease in protein levels following UPMWA to enhance
recovery.
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