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Abstract

Introduction: The impact of preoperative hemoglobin (Hb) concentration and recombinant human
erythropoietin (rh-EPO) treatment on renal tumors (RTs) patients with inferior vena cava (IVC) tumor
thrombus who underwent robot-assisted laparoscopic inferior vena cava thrombectomy (RAL-IVCTE)
were not well studied.

Materials and methods: We retrospectively analyzed the demographic and clinical data of 61 patients
with RTs who underwent RAL-IVCTE. We conducted several multiple linear regression analysis models to
explore the association of preoperative Hb concentration, perioperative rh-EPO administration and RBC
transfusion, Hb concentration, postoperative complications and days stay in intensive care unit (ICU).

Results: 43 (70.49%) patients received RBC transfusion and 19 (31.15%) patients received rh-EPO
treatment perioperative. Multiple linear regression analysis revealed that lower preoperative Hb
concentration patients had a significantly more intraoperative and postoperative RBC transfusion (r =
-0.053; 95% Cl =-0.099 to -0.007; p = 0.025); patients received more preoperative rh-EPO treatment had
significantly higher discharge Hb concentration (r=3.306; 95% CI=0.707 t0 5.906; p=0.014), less days stay
inICU (r=-0.539; 95% Cl =-0.957 t0 -0.122; p = 0.012). In addition, perioperative rh-EPO administration
was not significantly associated with RBC transfusion demand and postoperative complications.

Conclusions: Lower preoperative Hb concentration related with more RBC transfusion in RTs patients
underwent RAL-IVCTE. Preoperative rh-EPO administration appears to be beneficial for patients.
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Introduction

RTs is a malignancy of urinary system, accounting for 2%-3%
of adult malignancies [1]. Although the prevalence of locally ad-
vanced RTs with inferior vena cava (IVC) tumor thrombus is rela-
tively low, occurred in 4-10% of patients [2], tumor thrombi could
migrate proximally to the right atrium [3] and lead to poor prog-
nosis. For RTs with IVC tumor thrombus, surgery could effectively
improve the prognosis [4]. As one of the most difficult operations
in urology, RAL-IVCTE has a complicated procedure, great opera-
tion trauma and a lot intraoperative bleeding. Therefore, it is nec-
essary to keep patients in good condition as far as possible before
operation. However, in clinical observation, we found that RTs pa-
tients with IVC tumor thrombus had a high prevalence of preop-
erative anemia and great demand for allogeneic RBC transfusion.
Although several researches reported the high transfusion rate in
patients underwent RAL-IVCTE [5,6], studies on the effect of Hb
concentration on RTs patients with IVC thrombus who underwent
RAL-IVCTE are few, and lack of study on the effect of drug treat-
ment of anemia for these patients, which is very important for
patient blood management.

As a kind of Erythropoiesis-Stimulating Agents (ESAs), rh-EPO
could improve the Hb levels in anemic patients. However, the use
of ESAs on surgical patients remains contrversial. Some studies
have reported the use of perioperative ESAs reduce the need for
allogeneic blood transfusion [7,8]. Other studies have found rh-
EPO may lead increased thrombotic events [9,10]. Nevertheless,
the rh-EPO treatment influence for other clinically outcomes such
as ischemic events, thromboembolic events and mortality, the
number of events was too small and the variability in results was
too large to detect statistically significant and clinically relevant
differences [11]. In this study, we retrospectively analyzed the ef-
fects of rh-EPO administration on RTs patients underwent RAL-
IVCTE.

Materials and methods

We retrospectively analyzed the data of 61 in-patients with RTs
who underwent RAL-IVCTE in the first medical central of Chinese
PLA General Hospital (PLAGH) from March 2014 to December
2018. Age less than 18 years old, unknown preoperative hemo-
globin and laboratory data, and cases with unknown demograph-
ics were excluded. The study was approved by the Chinese PLAGH
ethics committee.

Demographic and clinical data including age, gender, body
mass index (BMI), smoking status in one year, drinking status
within 2 weeks, laboratory data, size of renal tumor, clinical stage,
IVC thrombus classification, Charlson comorbidity index (CCl), hy-
pertension, American Society of Anaesthesiologists (ASA) score,
pathologic results were collected. Postoperative complications
were recorded according to the Clavien classification system[12].
Administration of rh-EPO during hospitalization was recorded,
10,000 international unit (IU) per dose. The decision and the
amount to use rh-EPO was by the preference of the treating sur-
geon. Transfusion was recorded in patients received at least one
unit of packed RBC transfused in perioperative period.

Anemia was defined as Hb <120 g/L for women and < 130 g/L
for men according to the 2011 WHO guidelines: no anemia (Hb
>120 g/L in women and Hb > 130 g/L in men), mild anemia (110
g/L<Hb <120 g/Lin women and 110 g/L < Hb < 130 g/L in men)
and moderate-to-severe anemia (Hb < 110 g/L). Patients’ last Hb
concentration before discharge was defined as discharge Hb con-
centration.

Statistical significance was defined as P <0.05, Confidence In-
tervals (Cls) are reported at the 95% level. Stata 15.1 was used to
analyze the data and draw graphics.

Patient demographics and baseline characteristics were ana-
lyzed using descriptive statistics and are presented as percentage
or mean + SD. The student t test was used to examine the asso-
ciation between continuous variables, and Pearson y? test or the
Fisher’s exact test was used to examine the association between
categorical variables. We conducted several Multiple Linear Re-
gression (MLR) analysis models. In these MLR analysis models, a
stepwise method was selected, treating intraoperative and post-
operative RBC transfusion volume, days stay in ICU, postoperative
complication grade and the discharge Hb concentration, respec-
tively, as the dependent variable and the following parameters
as independent variables including the last preoperative Hb con-
centration, rh-EPO injection dose preoperative, rh-EPO injection
dose postoperative, estimated blood loss, ASA grade, size of renal
tumor, IVC thrombus classification, TNM stage grouping, history
of targeted drug therapy (no, yes), affected kidney (right, left), pa-
thology (other, clear cell ), tobacco use in past year (no, yes), al-
cohol intake within 2 weeks(no, yes), sex, age (continuous years),
BMI, CCl, white blood cell count, platelet count, international nor-
malised ratio, blood urea nitrogen value, albumin value, aspartate
aminotransferase value, creatinine value.

In these MLR analysis models, marginal probabilities were cal-
culated using Stata. Regression-predicted effects of preoperative
Hb concentration on intraoperative and postoperative RBC trans-
fusion volume, and rh-EPO administration on days stay in ICU and
the discharge Hb concentration were plotted using marginal pre-
dictive plotting.

Results

We included data for 61 patients, 21 women (34.43%) and 40
(65.57%) men with a mean age of 55.8 years (SD 13.0, range 21.7
to 86.3). In the present study, a total of 41 patients (67.21%) had
anemia, of which 13 (21.31%) patients had mild anemia and 28
(45.90%) patients had moderate-to-severe anemia (including 1
patient had severe anemia). Table 1 shows the basic character-
istics of patients. 43 (70.49%) patients received perioperative
RBC transfusion, including 42 (68.85%) patients received intraop-
erative and postoperative RBC transfusion and 1 (1.64%) patient
received preoperative RBC transfusion. 19 (31.15%) patients re-
ceived perioperative rh-EPO treatment.
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<Table 1: Baseline characteristics of patients (n=61). >

Variable N (% or SD)
Age (years) 55.8 (13.0)
BMI (kg/m?) 24.4(3.2)
Gender
Female 21 (34.43%)
Male 40 (65.57%)

Preoperative Hb concentration (g/L) 116.4 (20.7)

Preoperative anemia

Mild anemia 13 (21.31%)

Moderate-to-severe anemia 28 (45.90%)

Tobacco use in past year 15 (24.59%)

Alcohol intake within 2 weeks 9 (14.75%)

Hypertension 18 (29.51%)

ccliz1 22 (36.07%)

History of targeted drug therapy 17 (27.87%)

Affected kidney

Right 45 (73.77%)
Left 16 (26.23%)
Pathology

In the MLR analysis of intraoperative and postoperative RBC
transfusion volume, lower the last preoperative Hb concentration
(r=-0.053; p = 0.025) and Charlson comorbidity index (r = -1.387;
p =0.032), smaller size of tumor (r =-0.310; p = 0.010), and more
estimated blood loss (r = 3.859; p < 0.001) were related with more
intraoperative and postoperative RBC transfusion. Perioperative
rh-EPO therapy was not significantly associated with the need of
RBC transfusion (Supplementary Table S1). The analysis could ac-
count for the observed variation of the volume intraoperative and
postoperative RBC transfusion in 89.0% patients (R? = 0.890).

Figure 1 shows the relationship of the last preoperative Hb
concentration and the intraoperative and postoperative RBC
transfusion volume. Figure 2 shows the relationship of the last
preoperative Hb concentration and the predicted intraoperative

Renal clear cell carcinoma 41 (67.21%)

Other 20 (32.79%)

Size of renal tumor (cm) 7.9 (4.0)

TNM stage grouping

Stage Ill 56 (91.80%)

Stage IV 5(8.20%)

IVC thrombus classification

Level I~ 11 29 (47.54%)
Level I~ IV 32 (52.46%)
ASA grade

- 11 32 (52.46%)
e~ v 29 (47.54%)
Estimated blood loss (1000ml) 1.57 (2.17)
Total cost, KS 18.85 (7.75)

Intraoperative and postoperative RBC transfusion (%) 42 (68.85%)

Perioperative rh-EPO treatment (%) 19 (31.15%)

N; Number: SD; Standard Deviation: BMI; Body Mass Index: CCl; Charlson
Comorbidity Index: TMN; Tumor Node Metastasis: IVC; Inferior Vena
Cava: ASA; American Society Of Anaesthesiologists: Rh-EPO; Recombinant
Human Erythropoietin: RBC; Red Blood Cell. 1unit RBC Was From 200ml
Whole Blood.

and postoperative RBC transfusion volume in MLR model. Lower
preoperative Hb level was significantly associated with more peri-
operative RBC transfusion. The intraoperative and postoperative
transfusion RBC transfusion volume increased by 0.53 units for
every 10 g/L decrease in preoperative Hb concentration.

In the MLR analysis of the discharge Hb concentration, higher
preoperative Hb concentration (r = 0.383; p < 0.001), the first post-
operative Hb concentration (r = 0.605; p < 0.001), preoperative
platelet count (r = 0.054; p = 0.003) and ASA grade (r =9.194; p <
0.001); more intraoperative and postoperative RBC transfusion (r
= 0.602; p = 0.032) and preoperative rh-EPO injection (r = 3.306;
p = 0.014); lower postoperative complication grade (r = -3.966;
p = 0.039) were related with higher discharge Hb concentration
(Table 2). The analysis could account for the observed variation
of the discharge Hb concentration in 65.1% patients (R?> = 0.651).

<Tab|e 2: Multiple linear regression analysis of the discharge Hb concentration. >

The discharge Hb concentration r 95% Cl P Beta Adjusted R? of the model
the last preoperative Hb concentration 0.383 0.189 to 0.577 <0.001 0.434

preoperative rh-EPO injection dose 3.306 0.707 to 5.906 0.014 0.219

Intraoperative and postoperative RBC transfusion volume | 0.602 0.054 to 1.150 0.032 0.295

ASA grade 9.194 4.258 to 14.129 <0.001 0.325

IvVC -3.407 -7.467 to 0.652 0.098 -0.165 0.651
postoperative complication grade -3.966 -7.719t0-0.213 0.039 -0.251

the first postoperative Hb concentration 0.605 0.364 to 0.846 <0.001 0.637

CCl -4.558 -9.370 to 0.253 0.063 -0.161

the last preoperative platelet count 0.054 0.020 to 0.088 0.003 0.278

CCl: Charlson comorbidity index: IVC: inferior vena cava: ASA: American Society of Anaesthesiologists; Hb:

man erythropoietin; RBC: red blood cell; Cl: confidence interval.

hemoglobin; rh-EPO: Recombinant hu-
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Figure 3 shows the relationship of the preoperative rh-EPO ad-
ministration and the predicted discharge Hb concentration in MLR
model. When patients injected 4 doses rh-EPO preoperative, the
predicted median Hb could be 119 g/L (the red circle).

We graded complications of patients according to Clavien clas-
sification of surgical complications. In the MLR analysis of post-
operative complication grade, higher Charlson comorbidity index
(r=0.407; p = 0.011) and more intraoperative and postoperative

RBC transfusion (r = 0.075; p < 0.001) were related with higher
postoperative complication grade (Table 3). Perioperative rh-EPO
injection was not significantly associated with higher complication
grade. The analysis could account for the observed variation of the
postoperative complication grade in 58.8% patients (R? = 0.588).

There were 4 thrombotic events in patients, 1 in rh-EPO treat-
ment patients, 3 in non-rh-EPO treatment patients. And there was
no significant difference between the two groups population (p =
0.085, data not shown).

CTabIe 3: Multiple linear regression analysis of postoperative complication grade. )
Postoperative complication grade r 95% ClI P Beta Adjusted R? of the model

Intraoperative and postoperative RBC transfusion volume 0.075 0.049 to0 0.101 <0.001 0.582

IVC thrombus classification 0.254 -0.008 to 0.515 0.057 0.194

ccl 0.407 0.098 to 0.716 0.011 0.228 0.588

History of targeted drug therapy 0.299 -0.033t0 0.631 0.076 0.160

Tobacco use in past year -0.435 -0.881 t0 0.012 0.056 -0.163

CCl: Charlson Comorbidity Index; IVC: Inferior Vena Cava; RBC: Red Blood Cell; Cl: Confidence Interval.

In the MLR analysis of days stay in ICU, more preoperative rh-
EPO injection (r = -0.539; p = 0.012), smaller size of tumor (r =
-0.145; p = 0.022), lower grade of postoperative complication (r
= 1.055; p = < 0.001), IVC thrombus classification (r = 0.833; p =
0.008) and ASA (r = 1.235; p = 0.002) were related with less days
stay in ICU (Supplementary Table S1). The analysis could account
for the observed variation of the days stay in ICU in 54.6% patients
(R?=0.546).

Figure 4 shows the relationship of the preoperative rh-EPO in-
jection dose and the predicted days stay in ICU in the MLR analy-
sis. The days stay in ICU decreased 0.5 day for every dose increase
of rh-EPO injection. When patients injected 4 doses rh-EPO pre-
operative, the predicted median days stay in ICU could be 0.2 day
(the bule circle).

a N

o
] . 95% CI
+  RBC transfusion (U)

— Fitted values

1(U)

RBC
30

T T T T
80 100 120 140 160

the last preoperative Hb concentration (g/L)

Figure 1: The last preoperative Hb concentration and intraoperative
\\and postoperative RBC transfusion. j

a N

10

ion (U)

RBC

and

predicted

T T T T T
80 100 120 140 160

the last preoperative Hb concentration (g/L)

Figure 2: The last preoperative Hb concentration and the adjusted

\\median RBC transfusion volume. j
K o \
€
y
G}
{ =
o
g
c
8
o
o N-o
9 N
2
2
©
-
2
£ o
D=
Q.
(=]
8-
0 1 2 3 4 5 6
preoperative rh-EPO administration (dose)
Figure 3: Preoperative rh-EPO administration and adjusted median

\\discharge Hb concentration. j

www.journalonsurgery.org



~

=

predicted days stay in ICU (day)

0 1 2 3 4 5 6
preoperative th-EPO administration (dose)

Figure 4: Preoprative rh-EPO administration and the adjusted me-
\\dian days stay in ICU. j

Discussion

In this study, the incidence of preoperative anemia is very strik-
ing in RTs patients underwent RAL-IVCTE, 67.21% patients with
anemia, and 45.90% patients with moderate-to-severe anemia.
In present study, we found that patients lower preoperative Hb
concentration associated with more RBC transfusion. This result
was similar with a widely accepted finding that preoperative ane-
mia increased the perioperative RBC transfusion demand. Rh-EPO
is one of the common agents to increase the Hb concentration in
clinic, and 31.15% patients received rh-EPO perioperative treat-
ment in our study. We mainly analyzed the relationship of rh-EPO
administration and RBC transfusion, discharge Hb concentra-
tion, postoperative complication and days stay in ICU. As far as
we know, this is the first study of the impact of preoperative Hb
concentration and rh-EPO treatment on RTs patients underwent
RAL-IVCTE.

The 1-year disease-specific survival for untreated Renal Cell
Carcinoma (RCC) with venous tumor thrombus was 29% [13], but
the 1-year survival was 60% for surgery patients even with dis-
tant metastases at the time of diagnosis [14]. RTs patients with
IVC thrombus could benefit from a robot-assisted strategy and
achieve quick recovery [15]. RAL-IVCTE is highly intricated, even
surgeons with advanced robotic skill required a long operation
time [16]. One of the major risks of this surgery is bleeding, which
lead to a relatively high rate of blood transfusion. In our study, 42
(68.85%) patients received intraoperative and postoperative RBC
transfusion. The Hb concentration of patients was an important
factor relate to intraoperative and postoperative RBC transfusion
volume (Figure 1), with increased by 0.53 units for every 10 g/L
decrease in preoperative Hb concentration (Figure 2). However,
the preoperative and postoperative rh-EPO treatment were not
associated with RBC transfusion volume in this study. The negative
result may be due to the short rh-EPO treatment interval and rela-
tively low dose of rh-EPO administration before operation. Among
the patients who used rh-EPO before operation, the time from
admission to surgery was 13.8 + 3.5 days. However, Hb and hema-
tocrit usually increased within 2-6 weeks after rh-EPO treatment.
Our result was similar with a prospective randomized multicenter
trial study in patients undergoing right hemicolectomy for carci-
noma [17] which patients with preoperative rh-EPO treatment for
5-10 days, that rh-EPO not reduce the need of RBC transfusion.

In present study, our result showed that more preoperative
rh-EPO injection, rather than postoperative treatment, was sig-
nificantly related with higher discharge Hb concentration. The in-
crease of Hb is related to the improvement of patients' Quality of
Life (QOL) or fatigue. Several studies have found that changes in
Hb levels in patients with cancer and anemia caused by erythro-
poietin are associated with changes in their QOL [18-20], and the
greatest incremental QOL gain associated with a 10 g/L change
in Hb occurred around hemoglobin 120 g/L (range, 110-130 g/L)
[21]. Therefore, we recommend that clinicians should use rh-
EPO as soon as possible for patients with preoperative anemia to
maintain a relatively high concentration of Hb in the perioperative
period.

Although a previous review showed that rh-EPO treatment in
RCC is not indicated for anemia in RCC is an infrequent clinical
problem [22], and also some studies assessing rh-EPO safety in
anemic patients with chronic renal disease have found adverse
effects including thromboembolic, cardiovascular and stroke
events, preoperative anemia in RTs patients with IVC is common,
and compared patients with chronic disease, the perioperative
dosing strategies of surgical patients are more variable in timing,
dose and duration [23,24]. In addtion, the effect of rh-EPO treat-
ment on postoperative adverse events reminds controversial for
the quality of the evidence was not high due to inconsistency in
findings and small number of events were reported. Several stud-
ies found that rh-EPO therapy reduced the risk for acute kidney
injury [25], all-cause-mortality and end-stage renal disease[26],
and other studies have shown that rh-EPO administration did not
associated with an increased thromboembolic risk [27,28]. In this
study, we graded complications of patients according to Clavien
classification of surgical complications[12]. We found that preop-
erative treatment of rh-EPO not significantly associated with post-
operative adverse complication grade. After that, we analyzed the
thrombotic events: 4 thrombotic events in patients, 3 in rh-EPO
treatment patients, 1 in non-rh-EPO treatment patients. And
there was no significant difference between the two groups popu-
lation (p = 0.085, data not shown). Of note, in this study, we found
that more RBC transfusion was associated with higher grade post-
operative complications. This is consistent with some large and
high-quality studies of the adverse effects of RBC transfusion on
surgical patients [29,30]. RTs patients underwent RAL-IVCTE have
a relatively high risk of bleeding and a high probability of alloge-
neic RBC transfusion. In our present study, rh-EPO treatment was
not significantly related to RBC transfusion requirements. How-
ever, from the perspective of the whole perioperative period, the
preoperative rh-EPO administration did improve the level of Hb in
patients. Clinicians should pay enough attention to preoperative
anemia in patients, give them treatment as soon as possible to
improve the Hb concentration. The early and adequate preopera-
tive rh-EPO administration may indirectly reduce the demand for
perioperative RBC transfusion, and then reduce the occurrence of
postoperative complications.

We found in the present study that more preoperative, rather
than postoperative rh-EPO administration, was related with short-
er ICU or postoperative hospital stay (data not shown), which was
similar to several other studies [31,32]. There may be several
reasons for this clinical benefit of rh-EPO. On the one hand, as a
hematopoietic hormone that regulates RBC production, rh-EPO
could improve the symptoms associated with anemia. On the
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other hand, in addition to stimulating hematopoiesis, rh-EPO can
also act as a tissue protectant with anti-inflammatory, cell stabiliz-
ing, and antiapoptotic effects on multiple organ systems includ-
ing renal, cardiac and neurological systems [33,34]. However,
the minimum effective rh-EPO dose required to benefit patients
is unknown. In some previous reports, rh-EPO treatment proto-
cols vary from multiple doses given over a period of 3 to 4 weeks
preoperatively at weekly intervals [35,36] to 10 days preoperative
daily given with extent to postoperative [37]. The United States
Food and Drug Administration approved a regimen of four subcu-
taneous injection of epoetin-a, 600 IU/kg of body weight, admin-
istered at 3, 2 and 1 week before surgery and again on the day of
operation [38]. In the present study, we found if patients injected
4 doses rh-EPO preoperative, the predicted median days stay in

ICU could be 0.2 day (Figure 4), and the median discharge Hb con-
centration could be 119 g/L (Figure 3). Furthermore, we found it
was postoperative but not preoperative rh-EPO treatment associ-
ated with higher total hospital costs (Supplementary Table S1).
Considering this is a retrospective study, this finding could be due
to a selection bias such that patients received more postopera-
tive rh-EPO treatment and less preoperative treatment, but this
is unlikely because there were 13 patients received preoperative
and 14 patients received postoperative rh-EPO treatment, and
the average injection doses were 2.4 and 2.9, respectively. Our
study indicated that early and adequate administration of rh-EPO
before operation can be beneficial to RAL-IVCTE patients. We rec-
ommend at least 4 doses preoperative rh-EPO administrate for
these patients.

Supplementary table S1: Multiple linear regression analysis of the factors associated with intraoperative and postoperative RBC transfusion

volume, days stay in ICU and total hospital fee.

r 95% ClI P Beta Adjusted R2 of the model
Intraoperative and postoperative RBC transfusion volume 0.890
the last preoperative Hb concentration -0.053 -0.099 to -0.007 0.025 -0.123
BMI -0.262 -0.541t0 0.018 0.066 -0.093
ccl -1.387 | -2.648t0-0.127 0.032 -0.100
Size of renal tumor -0.310 -0.542 to -0.077 0.010 -0.138
estimated blood loss 3.895 3.506 to 4.283 <0.001 0.946
Days stay in ICU 0.546
IVC thrombus classification 0.833 0.230 to 1.436 0.008 0.281
ASA grade 1.235 0.476 to 1.994 0.002 0.304
postoperative complication grade 1.055 0.607 to 1.502 <0.001 0.465
preoperative rh-EPO injection dose -0.539 -0.957 to -0.122 0.012 -0.250
Size of renal tumor -0.145 -0.269 to -0.021 0.022 -0.221
Total hospital fee 0.811
history of targeted drug therapy -2.077 -3.615to -0.539 0.009 -0.165
the last preoperative Hb concentration -0.040 -0.086 to 0.007 0.096 -0.106
postoperative rh-EPO injection dose 0.629 0.064 to 1.194 0.030 0.142
postoperative complication grade 1.649 0.621t0 2.676 0.002 0.246
days stay in ICU 1.763 1.338t02.188 <0.001 0.596
IVC thrombus classification 1.245 -0.0408 to 2.531 0.057 0.142
ccl -1.481 -2.977 t0 0.015 0.052 -0.123
Conclusions ed to the relatively low incidence of RTs with IVC tumor thrombus.

In conclusion, we found that preoperative Hb concentration in
RTs patients underwent RAL-IVCTE were relatively low and preop-
erative anemia was not uncommon among them. Patients with
lower Hb levels were associated with increased demand of intra-
operative and postoperative RBC transfusion. More preoperative,
rather than postoperative rh-EPO administration was related to
shorter ICU stay. The perioperative rh-EPO treatment was not
significantly associated with more RBC transfusion demand and
higher grade of postoperative complications.

Limitations

However, our study has several limitations. On the one hand,
we have a relatively small number of samples, which may be relat-

On the other hand, we retrospective analysis the postoperative
complications during hospitalization, but not analysis the long-
term complications and death rate of patients. Larger sample size
or prospective studies are needed to further verify our conclu-
sion.
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