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Abstract
Purpose  Despite improvements of strategy in radical retropubic prostatectomy, blood loss is still a major concern. The 
lymphocyte/monocyte (LM) ratio is a prognostic indicator for various diseases. We identified the risk factors, including the 
LM ratio, for red blood cell (RBC) transfusion during radical retropubic prostatectomy.
Methods  This retrospective study assessed patients who underwent radical retropubic prostatectomy between March 2009 
and December 2020. To determine the risk factors for RBC transfusion, a multivariate logistic regression analysis was con-
ducted. A receiver operating characteristic (ROC) curve analysis was also performed. Postoperative outcomes, including 
acute kidney injury (AKI), hospitalization duration, and intensive care unit (ICU) admission, were also evaluated.
Results  Among 1302 patients, 158 patients (12.1%) received an intraoperative RBC transfusion. Multivariate logistic regres-
sion analysis demonstrated that the risk factors for RBC transfusion were the LM ratio, hemoglobin, 6% hydroxyethyl starch 
amount, and positive surgical margin. The area under the ROC curve of LM ratio was 0.706 (cut-off = 4.3). The LM ratio 
at ≤ 4.3 was significantly related to transfusion in multivariate-adjusted analysis (odds ratio = 4.598, P < 0.001). AKI and 
ICU admission were significantly higher, and the hospitalization duration was significantly longer in patients with RBC 
transfusion.
Conclusions  The LM ratio was a risk factor for RBC transfusion in radical retropubic prostatectomy. The optimal cut-off value 
of the LM ratio to predict transfusion was 4.3. RBC transfusion was associated with poor postoperative outcomes. Therefore, 
our results suggest that the LM ratio provide useful information on RBC transfusion in radical retropubic prostatectomy.

Keywords  Lymphocyte/monocyte ratio · Radical retropubic prostatectomy · Transfusion · Acute kidney injury · Intensive 
care unit admission · Hospitalization duration

Introduction

Radical prostatectomy is a mainstay of treatment in patients 
with prostate cancer [1]. Even if robotic or laparoscopic 
approaches for radical prostatectomy have become increas-
ingly popular, radical retropubic prostatectomy is still 
widely performed, especially in prostate cancer patients 
with optic neuropathy, increased intracranial pressure, or 
severe obstructive lung disease [2]. However, radical ret-
ropubic prostatectomy has the risk of significant blood loss 
because of rich venous supply of the prostate [3]. The mean 
estimated blood loss ranged from 450 to 740 mL and the 
red blood cell (RBC) transfusion rate was between 3.4 and 
3.8% in patients who underwent radical retropubic prosta-
tectomy [4, 5]. Although advances in the surgical and anes-
thetic strategies for radical retropubic prostatectomy have 
dramatically improved perioperative outcomes, blood loss 

 *	 Yongsoo Lee 
	 thisisrio@naver.com

 *	 Young‑Kug Kim 
	 kyk@amc.seoul.kr

1	 Department of Anesthesiology and Pain Medicine, Asan 
Medical Center, University of Ulsan College of Medicine, 
88, Olympic‑ro 43‑gil, Songpa‑gu, Seoul 05505, 
Republic of Korea

2	 Department of Urology, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul 05505, 
Republic of Korea

3	 Department of Anesthesiology and Pain Medicine, Uijeongbu 
Eulji Medical Center, Eulji University School of Medicine, 
712, Dongil‑ro, Uijeongbu‑si, Gyeonggi‑do 11759, 
Republic of Korea

http://orcid.org/0000-0002-1982-3053
http://crossmark.crossref.org/dialog/?doi=10.1007/s00540-021-03008-5&domain=pdf


69Journal of Anesthesia (2022) 36:68–78	

1 3

during radical retropubic prostatectomy is still a major con-
cern [3, 6]. Complications of intraoperative RBC transfusion 
include allergy, infection, hemolysis, and coagulopathy [7, 
8]. Furthermore, RBC transfusion may be associated with 
acute kidney injury (AKI), cancer recurrence, and mortal-
ity [9, 10]. Therefore, careful perioperative management, 
including risk factor evaluation, should be performed to 
reduce the chances of transfusion during radical retropubic 
prostatectomy.

The lymphocyte/monocyte (LM) ratio, an inflammation-
based score, has been widely used to predict the prognosis of 
multiple malignant tumors because the host systemic inflam-
matory response has a significant effect on tumor prolifera-
tive activity and disease progression [11]. The LM ratio can 
predict the prognosis of patients with colorectal, ovarian, 
and esophageal cancers [11–13]. In addition, it may also 
be associated with infection in patients with liver cirrhosis, 
prediction of osteoporosis, and mortality of patients with 
coronavirus disease 2019 [14–17]. Furthermore, in patients 
with head and neck cancer, low lymphocyte count is related 
to increased tissue adhesion or tissue damage [18]. Mono-
cytes are involved in tumorigenesis, angiogenesis, invasion, 
migration, and metastasis [19]. Consequently, LM ratio 
may be linked to tissue inflammation, tissue adhesion, tis-
sue damage, bleeding, and subsequent blood transfusion. 
However, no studies to date have reported on the associa-
tion of the LM ratio with blood transfusion during radical 
retropubic prostatectomy.

Therefore, we tried to identify the independent risk fac-
tors, including the LM ratio, associated with intraoperative 
RBC transfusion in patients with prostate cancer who under-
went radical retropubic prostatectomy.

Materials and methods

Patients

This large, single-center, observational study retrospectively 
analyzed data from patients who underwent radical retropu-
bic prostatectomy between March 2009 and December 2020. 
Patients with other malignancy, incomplete medical record, 
and other combined surgeries were excluded. This study was 
approved by the institutional review board of Asan Medical 
Center (approval No. 2020-0271). This manuscript adheres 
to the applicable STROBE guidelines.

Anesthesia protocol

All patients underwent routine hemodynamic monitoring, 
which comprised electrocardiography, pulse oximetry, 
noninvasive blood pressure monitoring, end-tidal carbon 

dioxide concentration measurement, and bispectral index 
measurement. All patients were induced with propofol 
or thiopental for anesthesia; after losing consciousness, 
patients were administered rocuronium for muscle relaxa-
tion. Anesthesia was maintained with sevoflurane or des-
flurane and remifentanil infusion, according to the anes-
thesiologist’s preference. Sevoflurane and desflurane were 
adjusted to maintain a bispectral index of 40–60. Medical 
air containing 50% oxygen was supplied. The ventilation 
setting was a 6–8 mL/kg tidal volume of ideal body weight 
and an inspiratory to an expiratory ratio of 1:2. The res-
piratory rate was adjusted to maintain an end-tidal carbon 
dioxide concentration of 30–35 cmH2O. Arterial blood 
pressure was continuously monitored by radial arterial 
catheterization. If the systolic arterial blood pressure fell 
below 80 mmHg or heart rate fell below 60 beats/minute, 
fluids and/or drugs such as ephedrine or phenylephrine 
were administered. Crystalloid fluids such as plasma solu-
tion A or Ringer’s lactate solution were administered at a 
rate of 4–6 mL/kg/hr. A 6% hydroxyethyl starch solution 
was administered according to our institutional protocol 
based on the patients’ arterial blood pressure, heart rate, 
and blood loss. RBCs were transfused into patients who 
had hemoglobin concentrations < 8 g/dL during surgery. 
After the procedure, the neuromuscular blockade was 
reversed by neostigmine-glycopyrrolate mixture or sug-
ammadex, according to the anesthesiologist’s preference.

Surgical protocol

The patient was placed in a supine position and was 
slightly hyperextended at approximately 20 degrees to 
elevate the pelvis and to facilitate surgical exposure. Ver-
tical midline and extraperitoneal incisions were made, 
extending from just above the pubic symphysis to almost 
below the umbilicus. Fatty tissue covering the prostate and 
lateral pelvic side walls was carefully dissected to expose 
the space of Retzius. The endopelvic fascia was opened 
near the pelvic sidewall on both sides of the prostate. The 
puboprostatic ligaments were incised to expose the apex 
of the prostate. The dorsal venous complex was ligated 
to reduce bleeding. Pelvic lymph node dissection was 
proceeded based on clinical risk factors [20]. The ante-
rior urethra was cut sharply to ensure the length of the 
striated urethral sphincter remained as long as possible. 
While pulling the foley catheter toward the bladder, the 
posterior aspect of the prostate and both pedicles were 
carefully dissected along with the neurovascular bundles. 
After prostate dissection, the vasa deferentia were cut and 
the seminal vesicles were dissected directly between the 
remaining bladder neck and prostate. After bladder neck 
reconstruction, vesicourethral anastomosis was performed.
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Data collection

The medical records of all patients were reviewed. The 
preoperative variables that were collected for each patient 
included age, body mass index, American Society of Anes-
thesiologist (ASA) physical status, history of abdominal 
surgery, comorbidities (hypertension/diabetes mellitus/
coronary artery disease/heart failure/cerebrovascular acci-
dent), medications (beta blocker/alpha blocker/angioten-
sin-converting enzyme inhibitor [ACEi] or angiotensin II 
receptor blocker [ARB]/calcium channel blocker), tumor 
stage, Gleason score on biopsy, neoadjuvant chemotherapy, 
neoadjuvant androgen deprivation therapy, and preoperative 
laboratory values (prostate-specific antigen, hemoglobin, red 
cell distribution width [RDW], platelets, white blood cells, 
lymphocytes, neutrophils, monocytes, neutrophil/lympho-
cyte [NL] ratio, platelet/lymphocyte [PL] ratio, LM ratio, 
glomerular filtration rate [GFR], uric acid, albumin, pro-
thrombin time, and activated partial thromboplastin time 
[aPTT]). Heart failure was defined as an ejection fraction 
of < 40%. The GFR was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration equation [21, 22].

Collected intraoperative variables included opera-
tion duration, crystalloid amount, 6% hydroxyethyl starch 
amount, and Gleason score of specimen. The number of 
patients with extracapsular extension, positive surgical 
margin, seminal vesical invasion, and pelvic lymph node 
dissection was also recorded. Extracapsular extension was 
defined as tumor extension into the periprostatic soft tissue 
[23]. Positive surgical margin was defined as the presence 
of cancer cells at the inked margins[24]. Seminal vesical 
invasion was defined as penetration of the muscular coat of 
the seminal vesicles by the prostate tumor [25].

Postoperative outcomes including AKI, hospitalization 
duration, intensive care unit (ICU) admission, and 30 day 
mortality were assessed. Postoperative AKI was defined 
using the Kidney Disease: Improving Global Outcomes cri-
teria as an increase in the serum creatinine concentration 
from the baseline by 0.3 mg/dL up to 2 postoperative days 
or by 50% up to 7 postoperative days [26–29]. Because urine 
output monitoring was not accurate in the general ward, the 
criterion for urine output was not analyzed in this study.

Definition of the NL ratio, PL ratio, LM ratio, 
and RDW

The NL ratio was defined as the absolute neutrophil count 
divided by the absolute lymphocyte count [30]. The PL ratio 
was defined as the absolute platelet count divided by the 
absolute lymphocyte count [31]. The LM ratio was defined 
as the absolute lymphocyte count divided by the absolute 
monocyte count [32]. The RDW was calculated as: (stand-
ard deviation of red cell volume/mean cell volume) × 100%. 

A range between 11.5 and 14.5% constituted normal RDW 
values [33]. The NL ratio, PL ratio, LM ratio, and RDW 
were measured on peripheral blood samples obtained within 
5 days before surgery.

Statistical analysis

Categorical variables are expressed as the number (%), and 
continuous variables are expressed as the mean ± standard 
deviation. Categorical variables were compared using the 
chi-square test or Fisher’s exact test, and continuous vari-
ables were compared using the Student’s t test between the 
non-transfusion and transfusion groups. Univariate and 
multivariate logistic regression analyses were performed to 
identify independent risk factors for RBC transfusion during 
radical retropubic prostatectomy. The most relevant factors 
associated with RBC transfusion, based on statistical con-
siderations, biological plausibility, and clinical importance, 
were included in a univariate logistic regression analysis. 
Multivariate logistic regression analysis using the enter 
method included all covariates with P < 0.05 from the uni-
variate logistic regression analysis.

The ability of the preoperative LM ratio for predicting 
RBC transfusion during radical retropubic prostatectomy 
was determined by calculating the area under the receiver 
operating characteristic (ROC) curve using the trapezoid 
rule. The optimal cut-off value was determined by the 
maximum value of sensitivity and specificity. un adjusted 
and multivariate adjusted odds ratios (ORs) were used to 
assess predictive value of intraoperative RBC transfusion 
after dichotomizing according to the optimal cut-off value 
of the LM ratio.

We evaluated the variance inflation factor to assess mul-
ticollinearity. We also evaluated logistic regression model 
performance using the Hosmer–Lemeshow goodness-of-fit 
statistic (measuring model calibration) and the C-statistic 
(measuring model discrimination). All statistical analyses 
were conducted using SPSS Statistics for Windows, ver-
sion 21.0 (IBM Corp., Armonk, NY, USA), and Stata, ver-
sion 13.1 (Stata Corp., College Station, TX, USA). P val-
ues < 0.05 were considered statistically significant.

Results

A review of the medical records identified 1501 patients 
who underwent radical retropubic prostatectomy between 
March 2009 and December 2020. Of these patients, 199 
patients were excluded because of other malignancy 
(n = 109), incomplete medical record (n = 88), and other 
combined surgeries (n = 2). Therefore, the study cohort 
comprised 1302 patients (Fig.  1). Of these patients, 
158 patients (12.1%) received an intraoperative RBC 
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transfusion during radical retropubic prostatectomy. In the 
transfusion group, the maximal amount of RBC transfu-
sion was 8 units, and the mean amount of RBC transfusion 
was 1.7 ± 0.9 units during surgery.

The demographic and preoperative laboratory data of 
the 1302 patients are summarized in Table 1. Age, his-
tory of abdominal surgery, ACEi or ARB, prostate-specific 
antigen, RDW, neutrophils, monocytes, NL ratio, PL ratio, 
prothrombin time, and aPTT were significantly higher in 
the transfusion group than in the non-transfusion group. 
Hemoglobin, lymphocytes, and the LM ratio were signifi-
cantly lower in the transfusion group. 

Intraoperative variables are shown in Table 2. Opera-
tion duration, crystalloid amount, 6% hydroxyethyl starch 
amount, Gleason score of specimen, positive surgical mar-
gin, and seminal vesical invasion were significantly higher 
in the transfusion group.

Univariate logistic regression analysis showed that age, 
history of abdominal surgery, ACEi or ARB, Gleason 
score on biopsy, hemoglobin, RDW, NL ratio, PL ratio, 
LM ratio, GFR, serum albumin level, aPTT, 6% hydroxy-
ethyl starch amount, positive surgical margin, and semi-
nal vesical invasion were significantly associated with 
RBC transfusion during radical retropubic prostatectomy 
(Table 3). Multivariate logistic regression analysis dem-
onstrated that the independent risk factors for intraopera-
tive RBC transfusion were LM ratio (OR = 0.656, 95% 
confidence interval [CI] = 0.553–0.777, P < 0.001), hemo-
globin (OR = 0.619, 95% CI = 0.521–0.735, P < 0.001), 
6% hydroxyethyl starch amount (OR = 1.003, 95% 
CI = 1.002–1.004, P < 0.001), and positive surgical mar-
gin (OR = 1.616, 95% CI = 1.066–2.451, P = 0.024), and 
(Fig. 2). The highest variance inflation factor was  1.732. 

The Hosmer–Lemeshow goodness-of-fit statistic for the 
model was 0.222, and the C-statistic was 0.858. 

The optimal cut-off value of the LM ratio was 4.3, with a 
sensitivity of 72.8% and specificity of 65.7%. Of the cohort 
study, 507 (38.9%) patients had LM ratio ≤ 4.3 and 794 
(61.0%) patients had LM ratio > 4.3. Compared with the 
patients with LM ratio > 4.3, the patients with LM ratio ≤ 4.3 
had received more RBC transfusions in the unadjusted 
(OR = 5.124, 95% CI 3.536–7.425, P < 0.001) and multivar-
iate-adjusted analyses (OR = 4.598, 95% CI = 2.841–7.443, 
P < 0.001) (Fig. 3).

The postoperative outcomes of patients were shown in 
Table 4. AKI was significantly higher in the transfusion 
group than in the non-transfusion group (18 [11.4%] vs. 67 
[5.9%], P = 0.008). The hospitalization duration was sig-
nificantly longer in the transfusion group than in the non-
transfusion group (12 ± 6 days vs. 10 ± 4 days, P < 0.001). 
Further, ICU admission was significantly higher in the trans-
fusion group than in the non-transfusion group (5 [3.2%] vs. 
12 [1.5%], P = 0.045). However, there was no significant dif-
ference 30 day mortality after surgery between both groups.

Discussion

In this study, the LM ratio, hemoglobin, 6% hydroxyethyl 
starch amount, and positive surgical margin were independ-
ent risk factors for intraoperative RBC transfusion in patients 
who underwent radical retropubic prostatectomy. The opti-
mal cut-off value of the LM ratio to predict intraoperative 
RBC transfusion was 4.3. The patients with LM ratio  ≤ 4.3 
had received more RBC transfusions in radical retropubic 
prostatectomy. Moreover, AKI and ICU admission were 

Fig. 1   Flowchart of the study protocol
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Table 1   Demographic and 
preoperative laboratory data

Continuous variables are presented as mean ± standard deviation, and categorical variables are presented as 
numbers (%)
ASA American Society of Anesthesiologists; ACEi angiotensin converting enzyme inhibitor; ARB angio-
tensin II receptor blocker; RDW red cell distribution width; NL neutrophil/lymphocyte; PL platelet/lympho-
cyte; LM lymphocyte/monocyte; GFR glomerular filtration rate; INR international normalized ratio, aPTT 
activated partial thromboplastin time

Variables All patients
(n = 1302)

Non-transfusion
(n = 1144)

Transfusion
(n = 158)

P value

Age, years 67 ± 6 67 ± 6 68 ± 6 0.034
Body mass index, kg/m2 24.7 ± 2.7 24.7 ± 2.7 24.4 ± 2.8 0.144
ASA physical status 0.320
  ≤ 2 1262 (96.9) 1111 (97.1) 151 (95.6)
  3 40 (3.1) 33 (2.9) 7 (4.4)

History of abdominal surgery 248 (19.0) 208 (18.2) 40 (25.3) 0.032
Comorbidities
 Hypertension 406 (46.4) 524 (45.8) 80 (50.6) 0.254
 Diabetes mellitus 229 (17.6) 196 (17.1) 33 (20.9) 0.245
 Coronary artery disease 56 (4.3) 46 (4.0) 10 (6.3) 0.180
 Heart failure 3 (0.2) 3 (0.3) 0 (0.0)  > 0.999
 Cerebrovascular accident 37 (2.8) 31 (2.7) 6 (3.8) 0.441

Medications
 Beta blocker 57 (5.4) 57 (5.2) 10 (6.7) 0.464
 Alpha blocker 49 (4.0) 46 (4.3) 3 (2.0) 0.179
 ACEi or ARB 295 (22.7) 246 (21.5) 49 (31.0) 0.007
 Calcium channel blocker 265 (21.5) 224 (20.7) 41 (27.2) 0.071

Tumor stage 0.735
 1 794 (61.0) 700 (61.2) 94 (59.5)
 2 31 (2.4) 27 (2.4) 4 (2.5)
 3 431 (33.1) 379 (33.1) 52 (32.9)
 4 46 (3.5) 38 (3.3) 8 (5.1)

Gleason score on biopsy, points 6.9 ± 1.0 6.9 ± 1.0 7.1 ± 1.2 0.069
Neoadjuvant chemotherapy 7 (0.5) 5 (0.4) 2 (1.3) 0.205
Neoadjuvant androgen deprivation therapy 155 (11.9) 131 (11.5) 24 (15.2) 0.174
Preoperative laboratory values
 Prostate specific antigen, ng/ml 14.1 ± 28.4 13.6 ± 29.2 17.8 ± 22.0 0.035
 Hemoglobin, g/dL 14.1 ± 3.0 14.1 ± 1.3 13.2 ± 1.8  < 0.001
 RDW, % 12.9 ± 1.0 12.8 ± 0.8 13.2 ± 1.8 0.003
 Platelets, 103/μL 222.1 ± 54.2 222.7 ± 53.3 218.4 ± 56.0 0.340
 White blood cells, 103/μL 6.2 ± 1.7 6.2 ± 1.7 6.2 ± 1.9 0.998
  Lymphocytes, % 33.6 ± 8.8 34.0 ± 8.6 30.4 ± 9.2  < 0.001
  Neutrophils, % 55.8 ± 9.5 55.5 ± 9.4 58.2 ± 10.1 0.001
  Monocytes, % 7.2 ± 2.2 7.0 ± 2.1 8.3 ± 2.4  < 0.001

 NL ratio 1.9 ± 1.2 1.9 ± 1.2 2.3 ± 1.5 0.001
 PL ratio 120.3 ± 61.7 118.5 ± 61.9 133.3 ± 58.5 0.005
 LM ratio 5.1 ± 2.8 5.3 ± 2.9 3.9 ± 1.6  < 0.001
 GFR, mL/min/1.73 m2 80.1 ± 12.7 80.4 ± 12.2 77.9 ± 15.8 0.057
 Uric acid, mmol/L 5.5 ± 1.3 5.5 ± 1.3 5.5 ± 1.5 0.882
 Albumin, g/dL 4.0 ± 0.5 4.0 ± 0.5 4.0 ± 0.4 0.090
 Prothrombin time, INR 0.98 ± 0.06 0.98 ± 0.06 0.99 ± 0.06 0.007
 aPTT, sec 27.5 ± 2.5 27.5 ± 2.5 27.9 ± 2.4 0.043
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significantly higher and the hospitalization duration was 
significantly longer in patients with RBC transfusion. To 
the best of our knowledge, this study is the first to evaluate 
the association between the LM ratio and RBC transfusion 
in radical retropubic prostatectomy.

In this study, the LM ratio was an independent risk factor 
for RBC transfusion in patients who underwent radical retro-
pubic prostatectomy. Complete blood count, which is tested 
in routine clinical practice, is a cheap, easy to interpret, and 
readily available diagnostic laboratory test. It is widely used 
for the diagnosis and monitoring of several diseases apart 
from hematologic diseases [34]. Ongoing research suggests 
the utility of inflammatory biomarkers such as the LM ratio, 
NL ratio, and PL ratio, which are all based on the propor-
tions of different types of white blood cells, in the prog-
nosis of various diseases [31, 34]. The LM ratio, which is 
the ratio of the absolute lymphocyte count to the absolute 
monocyte count, allows us to assess the systemic inflamma-
tion status with a routine blood test [35]. A lower LM ratio 
indicates lower lymphocyte levels or higher monocyte levels 
in the peripheral blood. Lymphocytes exhibit an antitumor 
effect by inducing a cytotoxic immune response [36]. Con-
sequently, low lymphocyte counts are considered to indicate 
immunological incompetence for malignant diseases and are 
a prognostic marker for oncological outcomes [18]. Mono-
cytes are involved in tumorigenesis, angiogenesis, invasion, 
migration, and metastasis and are involved suppression of 
the body’s autoimmune response against tumor cells [19]. 
Therefore, the LM ratio is being studied as a potential prog-
nosis predictor in cancer patients [11, 37–39]. Besides being 
a novel marker of the baseline inflammatory response, the 
LM ratio decreases in several clinical conditions, including 
bacterial infections, osteoporosis, stroke, acute rheumatic 
fever, and coronary artery atherosclerosis [14, 16, 40–43]. 
Because an unexpected decrease in the LM ratio may be 
associated with poor outcomes in various clinical circum-
stances, its clinical application as a prognostic factor is being 
closely investigated.

Specifically, the underlying mechanisms of the associa-
tion of low LM ratio and transfusion are not fully explained. 
The possible mechanisms are tissue inflammation, adhesion, 
and damage. Inflammation and cancer are closely related 
[44]. Chronic inflammation is associated with of the occur-
rence of several cancers [45, 46]. In contrast, cancer can 
introduce and propagate local inflammation that causes 
tumor growth and invasion [44]. Systemic inflammation is a 
key aspect of the immune response caused tissue damage or 
infection and helps in the recruitment of circulating immune 
cells to the tissue [44, 47]. Consequently, preoperative 
inflammation, represented by abnormal inflammatory bio-
marker such as the LM ratio, is likely to be associated with 
increased preoperative tissue adhesion or intraoperative tis-
sue damage compared with normal inflammatory biomark-
ers. For these reasons, a decreased LM ratio may predict 
RBC transfusion during radical retropubic prostatectomy.

In this study, the LM ratio ≤ 4.3 predicted RBC transfu-
sion during radical retropubic prostatectomy. The patients 
with LM ratio ≤ 4.3 received more RBC transfusions than 
those with LM ratio > 4.3. The cut-off values of the LM ratio 
varies, ranging from 1.5 to 5.3 [11, 14, 37–40, 43, 48]. The 
LM ratio ≤ 1.53 was significantly associated with a severe 
Klebsiella pneumonia infection [48]. In patients with liver 
cirrhosis, the LM ratio ≤ 2.06 was an independent prognos-
tic factor for bacterial infection among other inflammatory-
based biomarkers such as the NL ratio, monocytes, and 
C-reactive protein [14]. The cut-off value of the LM ratio to 
predict severe coronary artery atherosclerosis was 5.06 [43]. 
In patients with acute ischemic stroke, the LM ratio ≤ 2.99 
was an independent prognostic factor for stroke severity and 
prognosis [40]. Therefore, the patients with decreased LM 
ratio should be carefully managed to reduce intraoperative 
transfusion in radical retropubic prostatectomy.

The present study also revealed that hemoglobin, 6% 
hydroxyethyl starch amount, and positive surgical mar-
gin were significantly associated with RBC transfusion 
in patients underwent radical retropubic prostatectomy. 

Table 2   Intraoperative variables

Continuous variables are presented as mean ± standard deviation, and categorical variables are presented as 
numbers (%)

Variables All patients
(n = 1302)

Non-transfusion
(n = 1144)

Transfusion
(n = 158)

P value

Operation duration, min 160 ± 39 155 ± 36 189 ± 45  < 0.001
Crystalloid amount, mL 1667 ± 711 1575 ± 629 2326 ± 903  < 0.001
6% hydroxyethyl starch amount, mL 260 ± 334 216 ± 295 577 ± 421  < 0.001
Gleason score of specimen, points 7.2 ± 0.8 7.2 ± 0.8 7.4 ± 0.9 0.011
Extracapsular extension 605 (46.5) 521 (45.5) 84 (53.2) 0.072
Positive surgical margin 497 (38.2) 421 (36.8) 76 (48.1) 0.006
Seminal vesical invasion 186 (14.3) 153 (13.4) 33 (21.0) 0.010
Pelvic lymph node dissection 1157 (88.9) 1019 (89.1) 138 (87.3) 0.517
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Preoperative anemia is well-known risk factor of RBC trans-
fusion [49, 50]. In our results, preoperative hemoglobin level 
was significantly lower in transfusion group than in non-
transfusion group. Therefore, preoperative hemoglobin may 
affect intraoperative RBC transfusion in radical retropubic 

prostatectomy. In addition, 6% hydroxyethyl starch also can 
be a risk factor of RBC transfusion [51]. In meta-analysis of 
colloid and crystalloid administrations in critical ill patients, 
starches probably slightly increase the need for blood trans-
fusion [51]. Furthermore, microscopically positive resection 

Table 3   Univariate logistic 
regression analyses of factors 
associated with red blood cell 
blood transfusion

OR odds ratio; CI confidence interval; ASA American Society of Anesthesiologists; ACEi Angiotensin con-
verting enzyme inhibitor; ARB angiotensin II receptor blocker; RDW red cell distribution width; NL neutro-
phil/lymphocyte; PL platelet/lymphocyte; LM lymphocyte/monocyte; GFR glomerular filtration rate; aPTT 
activated partial thromboplastin time

Variables Univariate

OR (95% CI) P value

Age 1.032 (1002–1.063) 0.035
Body mass index 0.955 (0.899–1.016) 0.144
ASA physical status
  ≤ 2 1
  3 1.561 (0.678–3.590) 0.295

History of abdominal surgery 1.525 (1.034–2.250) 0.033
Hypertension 1.214 (0.870–1.693) 0.254
Diabetes mellitus 1.277 (0.845–1.930) 0.246
Coronary artery disease 1.613 (0.797–3.264) 0.184
Beta blocker 1.296 (0.647–2.596) 0.465
Alpha blocker 0.454 (0.140–1.479) 0.190
ACEi or ARB 1.641 (1.139–2.365) 0.008
Calcium channel blocker 1.428 (0.969–2.104) 0.072
Tumor stage
 1 1
 2 1.103 (0.378–3.222) 0.857
 3 1.022 (0.712–1.466) 0.907
 4 1.568 (0.710–3.462) 0.266

Gleason score on biopsy 1.181 (1.010–1.382) 0.037
Neoadjuvant chemotherapy 2.921 (0.562–15.182) 0.203
Neoadjuvant androgen deprivation therapy 1.385 (0.865–2.218) 0.175
Preoperative laboratory test
 Prostate specific antigen 1.003 (0.999–1.008) 0.120
 Hemoglobin 0.630 (0.560–0.708)  < 0.001
 Platelet 0.998 (0.995–1.002) 0.340
 RDW 1.449 (1.244–1.689)  < 0.001
 NL ratio 1.206 (1.067–1.364) 0.003
 PL ratio 1.003 (1.001–1.005) 0.030
 LM ratio 0.642 (0.572–0.719)  < 0.001
 GFR 0.986 (0.974–0.998) 0.021
 Uric acid 1.010 (0.889–1.147) 0.882
 Albumin 0.572 (0.342–0.958) 0.034
 aPTT 1.062 (1.001–1.126) 0.046

6% hydroxyethyl starch amount 1.003 (1.002–1.003)  < 0.001
Gleason score of specimens 0.992 (0.692–1.421) 0.964
Extracapsular extension 1.357 (0.972–1.895) 0.072
Positive surgical margin 1.592 (1.139–2.224) 0.006
Seminal vesical invasion 1.724 (1.133–2.623) 0.011
Pelvic lymph node dissection 0.846 (0.511–1.402) 0.517
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margin represents a biologically more aggressive tumor, 
and is accompanied by more microvascular invasions and 
positive lymph nodes in patients with pancreatic cancer 
[52]. Therefore, clinicians should be cautious to avoid RBC 
transfusion in patients with low preoperative hemoglobin, 
administration of 6% hydroxyethyl starch, or positive surgi-
cal margin during radical retropubic prostatectomy.

Patients who had been treated with ACEi or ARB were 
received more RBC transfusion than those who had not 
been treated with these drugs. ACEi and ARB are widely 
administered to control hypertension. They are also 
indicated for the treatment of patients at a high risk for 
coronary artery disease, after myocardial infarction, with 
dilated cardiomyopathy, or with chronic kidney disease 
[53]. The association between ACEi and ARB and blood 

Fig. 2   Multivariate logistic regression analysis of factors associated 
with red blood cell transfusion during radical retropubic prostatec-
tomy. OR, odds ratio; CI, confidence interval. ACEi, angiotensin 
converting enzyme inhibitor; ARB, angiotensin II receptor blocker; 

RDW, red cell distribution width; NL, neutrophil/lymphocyte; PL, 
platelet/lymphocyte; LM, lymphocyte/monocyte; GFR, glomerular 
filtration rate; aPTT, activated partial thromboplastin time

Fig. 3   Predictive value of the LM ratio ≤ 4.3 for red blood cell trans-
fusion during radical retropubic prostatectomy compared with the 
LM ratio > 4.3. The multivariate-adjusted odds ratio was determined 
using the variables shown in Table  3. LM, lymphocyte/monocyte; 
OR, odds ratio; CI, confidence interval

Table 4   Postoperative outcomes

Continuous variables are presented as mean ± standard deviation, and categorical variables are presented as 
numbers (%)

Outcomes All patients
(n = 1302)

Non-transfusion
(n = 1144)

Transfusion
(n = 158)

P value

Acute kidney injury 85 (6.5) 67 (5.9) 18 (11.4) 0.008
Hospitalization duration, days 10 ± 4 10 ± 4 12 ± 6  < 0.001
Intensive care unit admission 17 (1.3) 12 (1.0) 5 (3.2) 0.045
30-days mortality 1 (0.1) 0 (0.0) 1 (0.6) 0.121
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transfusion is not adequately reported in the literature. 
In older patients taking anticoagulants, the use of ACEi 
increases the risk of bleeding in a dose-dependent manner 
[54]. In that study, the attributable risk of bleeding associ-
ated with ACEi treatment was 21%. In patients with myo-
cardial infarction, clinically significant bleeding was more 
frequent in patients treated with clopidogrel and ACEi 
than in patients treated with clopidogrel only because both 
clopidogrel and ACEi are metabolized by the same hepatic 
carboxylesterase 1 [55]. Although ACEi or ARB use was 
not independently associated with RBC transfusion in this 
study, the association needs to be interpreted cautiously 
and needs further study.

In this study, AKI and ICU admission were higher and 
the hospitalization duration was longer in patients with RBC 
transfusion in radical retropubic prostatectomy. Transfu-
sion and AKI are independently associated with each other 
[9]. Blood storage-related biochemical and morphological 
changes lead to hemolysis and pro-inflammatory molecule 
accumulation and may affect postoperative AKI [9]. Fur-
thermore, transfusion also can be associated with poor out-
comes. Transfusion increased the hospitalization duration 
and ICU admission [56, 57]. The patients who received RBC 
transfusion are more likely to develop poor postoperative 
outcomes. Therefore, these patients should be carefully man-
aged to improve postoperative outcomes in radical retropu-
bic prostatectomy.

This study had some limitations. First, because this 
study had a retrospective design, we could not evaluate all 
covariates that may have affected the analysis. Therefore, our 
study may be, at least in part, influenced by selection bias. 
However, we included almost all covariate factors related 
to transfusion in patients who underwent radical retropubic 
prostatectomy. Second, this study was performed at a single, 
highly experienced institution. Therefore, our finding should 
be interpreted cautiously.

Conclusions

The LM ratio was an independent risk factor for RBC 
transfusion in patients who underwent radical retropubic 
prostatectomy. The optimal cut-off value of the LM ratio to 
predict intraoperative RBC transfusion was 4.3. Compared 
with the patients with LM ratio > 4.3, the patients with LM 
ratio ≤ 4.3 had received more RBC transfusions. Moreover, 
AKI and ICU admission were higher and the hospitalization 
duration was longer in patients with RBC transfusion. Our 
results suggest that the LM ratio provides useful informa-
tion on intraoperative RBC transfusion in radical retropubic 
prostatectomy.
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