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Background: Shortages of allogeneic blood supplies for rhesus (Rh)-negative patients who are scheduled 
for major cancer surgeries may cause delays in surgical procedure, resulting in a prolonged length of hospital 
stay (LOHS). This study investigated the relationship of acute normovolemic hemodilution (ANH) with 
LOHS in this patient population.
Methods: Rh-negative patients who underwent major cancer surgeries between January 2015 and April 
2020 were included in this retrospective study. The primary outcome was LOHS. The secondary outcomes 
were length of preoperative stay (LOPS), perioperative laboratory data and allogeneic blood transfusion 
(ABT), and postoperative adverse events. Furthermore, relationships between these perioperative variables 
and LOHS were examined by both univariate analyses and multiple linear regression analysis.
Results: Seventy patients were divided into ANH (n=30) or Control (n=40) group. The two groups 
were well-matched for baseline data. LOHS, LOPS, perioperative ABT amount, and the overall rate of 
postoperative adverse events were all significantly lower in the ANH group (P=0.004, P=0.009, P<0.001, 
P=0.023, respectively). In the ANH group, levels of hemoglobin and hematocrit decreased on postoperative 
day 1 (P=0.023, P=0.012, respectively). Univariate analyses revealed significant association between LOHS 
and the following perioperative variables: ANH, body mass index, types of surgery, intraoperative colloids 
infusion, and perioperative ABT. Multiple linear regression analysis with correction for diagnosis identified 
ANH, intraoperative colloids infusion, and perioperative ABT as independent predictors.
Conclusions: ANH was associated with the decreased LOHS in Rh-negative patients undergoing major 
cancer surgeries. 
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Introduction

Patients undergoing major cancer surgeries are at an 
increased risk of massive intraoperative bleeding due to 
the anatomic features of the surgical area, including the 
proximity to vasculature and the complexity of resections. 
Because safety is a major focus of surgical and perioperative 
care, preoperatively acquired blood and blood products 
remain a routine safeguard for patients undergoing major 
cancer surgeries. Based on demographic data, the prevalence 
of the rhesus (Rh)-negative population is 15% in North 
America and Europe, 4.8% to 6% in Nigeria, 6.49% in 
India, and 0.33% in the Han nationality population in China 
(1-3). Scarcity of Rh-negative donors compounds the blood 
shortage problem for this patient population. Shortages of 
allogeneic blood supplies may cause delays in cancer surgeries 
and prolong length of hospital stay (LOHS), resulting in a 
failure to achieve optimal timing for these procedures and an 
adverse effect on prognosis. Therefore, anesthesiologists and 
surgeons should figure out the appropriate autologous blood 
transfusion strategies for Rh-negative patients with cancer, 
and permit major cancer surgeries to be performed safely at 
the earliest without further delays.

Allogeneic blood transfusion (ABT) and, more 
specifically, the amount of intraoperative ABT in patients 
undergoing major cancer surgeries are associated with 
several adverse clinical outcomes, including increased 
mortality, recurrence, and complications (4-7). Due to an 
increasing awareness of the potential complications of ABT, 
many medical institutions have developed autologous blood 
transfusion strategies in the perioperative setting. The 
absolute risk/benefit ratio for intraoperative autologous 
cell salvage limits its application in patients undergoing 
cancer surgeries because of the risk of reinfusing cancer 
cells into the systemic circulation, which theoretically may 
promote cancer cell proliferation and metastasis (8). Acute 
normovolemic hemodilution (ANH), another autologous 
blood transfusion strategy, has been reported to reduce 
exposure to perioperative ABT in patients undergoing 
gynecological cancer surgery (9). Meanwhile, ANH use 
doesn’t increase incidence of post-operative complications in 
patients undergoing free-flap reconstruction of the head and 
neck (10). Compared with preoperative autologous donation 
(PAD) of 400 mL one week before surgery, ANH protocol 
has similar postoperative hematologic outcomes (11).  
Furthermore, ANH has been shown to be less costly than 
PAD (12), equally as efficacious, and to carry less risk of 
transfusion errors. Given the advantages of ANH, including 

lower cost, lower risk, less preoperative waiting time, and 
higher convenience, it can be considered an appropriate 
blood conservation technique for Rh-negative patients 
scheduled for major cancer surgeries.

The increasing cost of hospitalization is an important 
challenge for health policymakers in all countries. Average 
LOHS, an important and practical indicator, is commonly 
used to assess the quality of patient care and overall hospital 
efficiency (13). Preoperative low body weight, syndromic 
deformity, long period of operation, perioperative fluid 
administration, and postoperative complications are 
associated with longer LOHS (14). In addition, it has been 
suggested as an alternative primary outcome to assess the 
efficacy of ANH (15). However, there is limited information 
in the literature about the association between ANH and 
LOHS in Rh-negative patients scheduled for major cancer 
surgeries. With the aim of improving hospital efficiency, 
this retrospective study compared LOHS in Rh-negative 
patients undergoing major cancer surgeries who did or 
did not receive ANH. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-20-1327).

Methods

Setting and subjects

This retrospective study was conducted in the department 
of anesthesiology and perioperative medicine of the First 
Affiliated Hospital with Nanjing Medical University, Nanjing, 
China, from January 2015 and April 2020. We reviewed the 
electronic medical records of Rh-negative inpatients who 
underwent major cancer surgeries. The following exclusion 
criteria were used: preoperative hemoglobin (Hb) level 
of <100 g/L (9), non-cancer surgery, American Society of 
Anesthesiologists physical status (ASA-PS) score >3, and 
emergency surgery. Our institution started performing ANH 
for Rh-negative patients scheduled for major surgeries for 
cancer since January, 2019. Therefore, Rh-negative patients 
who had undergone cancer surgeries between July 1, 2015 
and December 31, 2018 were included in the Control group. 
Therefore, the enrolled patients were distributed into Control 
group (n=40), and ANH group (n=30) based on whether 
preoperative ANH protocol was applied.

Ethics statement

The study was approved by the ethics committee of the 
First Affiliated Hospital with Nanjing Medical University 

http://dx.doi.org/10.21037/apm-20-1327
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(No. 2019-SR-235.A1). Our study conformed to the 
provisions of the Declaration of Helsinki (as revised in 
2013). Informed consent was waived because the study 
was retrospective in design. Individual patient data were 
anonymized and stored in an encrypted computer.

Treatment

Upon arrival at the operating room, the patient’s Hb was 
confirmed to ensure the safety of ANH. Under monitoring 
by electrocardiography, oxygen saturation, and invasive 
radial artery blood pressure, ANH was conducted by a 
skilled attending anesthesiologist shortly after induction 
of anesthesia. The predetermined amount of autologous 
whole blood was withdrawn, while an equivalent volume 
of colloids (Voluven®, Fresenius Kabi, Germany) was 
transfused. ANH blood was collected into 200 or 400 mL  
Citrate Phosphate Dextrose collection bags (Shandong 
Weigao Group Medical Polymer Products Co., Ltd., 
Weihai, China) and stored at room temperature. If the 
duration of surgery was expected to exceed 4 hours, the 
blood bags were stored at 4 ℃. ANH blood was transfused 
back into the patient before the end of the surgery or when 
reaching the transfusion threshold of a Hb of ≤70 g/L. ABT 
was performed if the Hb level was lower than 70 g/L after 
the autologous blood transfusion. 

Demographic and baseline parameters

Baseline demographic variables were collected, including 
age, body mass index (BMI), gender, and ASA-PS 
classification. The presence of comorbid conditions, 
including hypertension, diabetes, and coronary artery 
disease, were documented. Types of surgery and baseline 
laboratory data [levels of Hb, hematocrit (Hct), and platelet 
(Plt)] were also recorded. 

Outcomes 

The primary outcome of this retrospective study was 
the difference in LOHS between the two groups. 
The secondary outcomes were length of preoperative 
stay (LOPS), perioperative Hb, Hct, and Plt levels, 
intraoperative input and blood loss, and perioperative ABT 
amount. The data of postoperative adverse events, including 
pulmonary complications, wound seroma/abscess/
infection/dehiscence, bleeding requiring reoperation, 

ischemic events (myocardial/cerebral infarction), acute 
kidney injury (AKI), unscheduled admission to intensive 
care unit (ICU), and in-hospital death, were also collected. 
Meanwhile, relationships between these perioperative 
variables and LOHS were also examined by both univariate 
analyses and multiple linear regression analysis. In the 
univariate analyses, increased perioperative Hct and Plt 
levels and intraoperative crystalloids and colloids infusion 
defined as greater than means/medians of these variables, 
respectively. 

Statistical analysis

All data were analyzed using SPSS version 22.0 (SPSS 
Inc., Chicago, Illinois, USA). Continuous variables were 
summarized and presented as means ± standard deviation 
(SD) or medians with 25–75% interquartile ranges (IQR), 
depending upon whether they were in accordance with the 
normal distribution. For data with a normal distribution, 
the unpaired Student’s t-test was used to assess the 
significance between the two groups. For data with a skewed 
distribution, the Mann-Whitney test was used. Categorical 
variables were expressed as frequencies (%) and the chi-
square test was used for comparisons. Fisher’s exact test 
was used when the expected frequency was <5. Statistical 
significance was set at P<0.05.

Univariate analyses were performed using the unpaired 
Student’s t-test or one-way analysis of variance. Variables 
that met statistical significance on univariate analyses at 
P<0.05 were included in the multiple linear regression 
analysis. Multiple linear regression analysis was performed 
with backward elimination of nonsignificant variables, 
P<0.05 being taken as significant.

Results

Basic patient data and characteristics

A total of 177 Rh-negative patients were screened 
for enrollment, with 107 patients excluded for the 
following reasons: non-cancer surgeries in 74 patients 
and preoperative Hb levels <100 g/L in 33 patients. The 
remaining 70 patients were divided into the ANH group 
(n=30) and the Control group (n=40). The patient flow 
chart is shown in Figure 1. The two groups were well-
matched for baseline demographics, comorbidities, and 
types of surgery (Table 1). 
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Comparison of clinical indicators between the two groups

As shown in Figure 2, LOHS and LOPS were both 
significantly shorter in the Rh-negative patients who 
received ANH (P=0.004, P=0.009, respectively). Group 
sample size of 30 and 40 achieve 86.17% power to reject 

the null hypothesis of equal means when mean difference 
of LOHS is −4.0 with a standard deviation for both groups 
of 6.0 and with a significance level of 0.05 using a one-sided 
two-sample equal-variance t-test.

Rh-negative patients who underwent ANH had a median 

Table 1 Baseline demographics, comorbidities, and types of surgery

Variables ANH group (n=30) Control group (n=40) P

Age (years) 59.3±13.7 60.9±11.8 0.589

BMI (kg/m2) 23.4±3.7 24.2±4.1 0.392

Gender (M/F) 21/9 27/13 0.824

ASA-PS 0.885

1 10 (33.3%) 13 (32.5%)

2 16 (53.3%) 21 (52.5%)

3 4 (13.3%) 6 (10.5%)

Comorbidities

Hypertension 10 (33.3%) 16 (40.0%) 0.568

Diabetes 6 (20.0%) 4 (10.0%) 0.402

Coronary artery disease 3 (10.0%) 4 (10.0%) 1.000

Types of surgery 0.460

Major abdominal surgery 16 (53.3%) 25 (62.5%)

Craniofacial surgery 5 (16.7%) 7 (17.5%)

Thoracic surgery 9 (30.0%) 8 (20.0%)

ANH, acute normovolemic hemodilution; ASA-PS, American Society of Anesthesiologists physical status; BMI, body mass index.

Figure 1 Flow diagram of the study. ANH, acute normovolemic hemodilution; Hb, hemoglobin; Rh, rhesus.

Enrollment

Eligible Rh-negative patients scheduled
for elective major surgeries for cancer

(n=177)

Allocation

ANH group
(n=30)

Control group
(n=40)

Excluded:
Non-cancer surgeries (n=74)

Preoperative Hb <100 g/L (n=33)
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withdrawal amount of 400 mL of autologous blood. Levels 
of Hb and Hct in the ANH group and Plt counts in the 
Control group were lower on postoperative day (POD) 1 
than during the preoperative evaluation (Figure 3, P=0.023, 
P=0.012, P=0.042, respectively). 

As shown in Table 2, the amount of perioperative ABT 
was lower in the Rh-negative patients treated with ANH 
[0 U (IQR, 0–0) vs. 2 U (IQR, 0–2), P<0.001]. There were 
no significant differences between the two groups in the 
volumes of intraoperative crystalloids and colloids infusion 

as well as intraoperative blood loss.
As shown in Table 3, the overall rate of postoperative 

adverse events during the hospital stay was significantly 
lower in the ANH group (23.3%) than in the Control group 
(50.0%) (P=0.023). The most reported adverse event was 
pulmonary complication occurring in seven patients in the 
ANH group and seventeen patients in the Control group 
(23.3% vs. 42.5%, P=0.097), respectively. In the Control 
group, one patient (2.5%), three patients (7.5%), and one 
patient (2.5%) suffered from wound infection, unscheduled 

Table 2 Intraoperative input and output, and perioperative ABT

Variables ANH group (n=30) Control group (n=40) P

Crystalloids (mL) 1,500 (1,075–1,600) 1,500 (1,000–1,600) 0.471

Colloids (mL) 1,000 (500–1,000) 700 (500–1,000) 0.252

Blood loss (mL) 100 (100–325) 200 (100–500) 0.116

ABT (U) 0 (0–0) 2 (0–2) < 0.001

ABT, allogeneic blood transfusion; ANH, acute normovolemic hemodilution.

Figure 2 Length of hospital stay (A) and length of preoperative stay (B) in the two groups. ANH, acute normovolemic hemodilution.

Figure 3 Levels of Hb (A), Hct (B), and Plt (C) at preoperative stage and postoperative day 1 in the two groups. ANH, acute normovolemic 
hemodilution; Hb, hemoglobin; Hct, hematocrit; Plt, platelet; POD, postoperative day. 
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admission to ICU, and in-hospital death, respectively. 
None of the patients were reported to experience the 
following postoperative complications: bleeding requiring 
reoperation, ischemic events, and AKI. 

Association between ANH and LOHS

The distribution of LOHS was displayed in Figure 4. 
Univariate analyses of the relationships between the 
perioperative variables and LOHS were presented in Table 4.  
On univariate analyses, ANH (P=0.004), BMI (P=0.004), 
types of surgery (P=0 .011), intraoperative colloids 
infusion (P=0.026), and perioperative ABT (P=0.013) were 
significantly associated with LOHS. 

As shown in Table 5, multiple linear regression analysis 
with correction for diagnosis identified ANH (P=0.018), 
intraoperative colloids infusion (P<0.001), and perioperative 
ABT (P=0.001) as independent predictors. The overall r2 
for the model was 0.425. ANH protocol was more likely to 
shorten LOHS (B=−3.378). On the contrary, Rh-negative 
patients with increased intraoperative colloids infusion and 
perioperative ABT were more likely to have prolonged 
LOHS (B=0.007, B=1.369, respectively).

Discussion

LOHS has been suggested as an alternative primary 
outcome to assess the efficacy of ANH (16). During 

Table 3 Postoperative adverse events

Variables ANH group (n=30) Control group (n=40) P

Overall patients with complications 7 (23.3%) 20 (50.0%) 0.023

Pulmonary 7 (23.3%) 17 (42.5%) 0.097

Wound (seroma/abscess/infection/dehiscence) 0 (0) 1 (2.5%) 1.000

Bleeding requiring reoperation 0 (0) 0 (0) N.A.

Ischemic events (myocardial/cerebral infarction) 0 (0) 0 (0) N.A.

AKI 0 (0) 0 (0) N.A.

Unscheduled admission to ICU 0 (0) 3 (7.5%) 0.255

In-hospital mortality 0 (0) 1 (2.5%) 1.000

AKI, acute kidney injury; ANH, acute normovolemic hemodilution; ICU, intensive care unit; N.A., not applicable.

Figure 4 Distribution of LOHS data. Histogram (A) and normal P-P plot (B) of regression standardized residual. LOHS, length of hospital 
stay.
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the coronavirus disease 2019 pandemic, ANH has been 
confirmed to permit major cancer surgeries to be performed 
safely and at the earliest in a situation of insufficient 
allogenic blood supplies (17). This retrospective study 
showed that ANH, performed shortly after induction of 
anesthesia, was associated with the decreased LOHS in Rh-

Table 4 Univariate analysis of variables influencing LOHS

Variables LOHS (d) t/F P

Preoperative parameters

Age (years) 0.694 0.297

<65 16.85±5.93

≥65 18.58±7.63

BMI (kg/m2) 6.064 0.004

<18.5 25.00±7.23

18.5–23.9 17.00±6.69

≥24 16.17±5.14

Gender 2.036 0.49

Male 16.64±5.16

Female 17.81±7.13

ASA-PS 1.584 0.213

1 15.65±5.17

2 17.95±7.03

3 19.70±7.23

Hct (%) 4.083 0.570

<40.1 17.91±7.83

≥40.1 17.00±5.16

Plt (×109/L) 0.405 0.986

<182.5 17.46±6.01

≥182.5 17.43±7.15

Comorbidities

Hypertension 0.232 0.956

Yes 17.41±6.60

No 17.50±6.63

Diabetes 1.358 0.225

Yes 17.83±6.76

No 15.10±4.84

Coronary artery disease 0.621 0.148

Yes 17.06±6.35

No 20.86±7.90

ANH 0.058 0.004

Yes 19.38±6.49

No 14.87±5.81

Table 4 (continued)

Table 4 (continued)

Variables LOHS (d) t/F P

Intraoperative parameters

Types of surgery 4.877 0.011

Major abdominal 
surgery

18.80±6.50

Head and neck 
surgery

18.38±5.61

Thoracic surgery 13.19±5.92

Crystalloids (mL) 0.412 0.543

<1,500 16.90±6.90

≥1,500 17.87±6.33

Colloids (mL) 1.334 0.026

<1,000 15.71±7.05

≥1,000 19.17±5.61

ABT 0.237 0.013

Yes 19.72±6.92

No 15.83±5.86

Postoperative parameters

Hct (%) 6.539 0.226

<37.9 18.44±7.95

≥37.9 16.50±4.84

Plt (×109/L) 0.244 0.494

<157 18.00±6.68

≥157 16.92±6.49

Adverse events 5.395 0.098

Yes 16.51±7.43

No 18.93±4.62

ABT, allogenic blood transfusion; ANH, acute normovolemic 
hemodilution; ASA-PS, American Society of Anesthesiologists 
physical status; BMI, body mass index; Hct, hematocrit; LOHS, 
length of hospital stay; Plt, platelet.
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Table 5 Multivariate linear regression analysis of factors affecting 
LOHS

Variables β B t P

Intercept – 11.245 6.914 <0.001

ANH −0.257 −3.378 −2.423 0.018

Colloids infusion 0.410 0.007 4.288 <0.001

ABT 0.364 1.369 3.486 0.001

ABT, allogenic blood transfusion; ANH, acute normovolemic 
hemodilution; LOHS, length of hospital stay. 

negative patients undergoing major cancer surgeries. The 
model obtained after multiple linear regression analysis 
using those perioperative variables, with correction for 
diagnosis, revealed that ANH is an independent predictor 
of LOHS in this patient population. 

With a global movement toward minimally invasive 
laparoscopic procedures, rates of intraoperative massive 
bleeding have declined. For example, only 1 in 800 patients 
who underwent robotic prostatectomies at the Johns 
Hopkins Medical Institutions received ABTs in 2012 (18).  
However, preoperatively acquired blood and blood 
products remain a routine scheme for perioperative safety 
in patients undergoing major cancer surgeries. Despite the 
modest ABT requirements for hip surgeries currently, the 
use of ANH may reduce postoperative complications and 
decrease postoperative hospital stay (19). In the present 
study, the overall rate of postoperative adverse events 
during the hospital stay was significantly lower in the Rh-
negative patients treated with ANH. Although there are 
now several alternative methods for blood conservation, 
cancer surgery may be the ideal setting for the specific use 
of ANH, especially when Rh-negative patients present with 
a high Hct and undergo a substantial blood loss, a situation 
in which the hemostatic benefits of fresh whole blood are 
readily apparent (20). 

ANH improved microcirculation and oxygenation in 
ischemic and hypoxic flap tissue in adult minipigs (21). 
Using multiple-plane transesophageal echocardiography, 
moderate ANH was found to maintain left ventricular 
systolic and diastolic function in anaesthetized patients 
with coronary artery disease. ANH-induced decreases in 
blood viscosity led to an increased stroke volume that was 
primarily related to increased venous return and higher 
cardiac preload (22). Therefore, although ANH induced 
slight decreases in Hb and Hct levels at POD 1, it would 
not induce or clinically worsen relevant ischemic diseases 

such as myocardial/cerebral infarction.
ANH-induced administration of 2 L or more of 

intraoperative fluid was associated with increased occurrence 
of postoperative pancreatic anastomoses (leak/fistula/abscess) 
in patients undergoing pancreaticoduodenectomies (23). 
Colloids replacement has been shown to lead to less renal 
edema and unimpaired renal microvascular oxygenation 
in pigs treated with ANH to a hematocrit of 15% (24). 
Administration of Hydroxyethyl Starch as the replacement 
fluid during ANH is associated with a more stable mean 
arterial pressure (25). A recently published retrospective 
study showed that ANH did not increase the risk of AKI, 
even though ANH increased occurrences of anemia, 
hyperchloremia, and metabolic acidosis during surgery (26).  
We concurrently administered equivalent volumes of 
colloid, without larger volumes of crystalloids, to maintain 
normovolemia during ANH procedure in our hospital. We 
found that none of Rh-negative patients with ANH use 
were reported to experience AKI or wound complications 
by using ANH protocol.

A retrospective cohort study revealed that the use of 
colloids and erythrocyte transfusion are associated with 
prolonged duration of recovery after colorectal surgery (27).  
Therefore, the shortened LOHS may be partially due to 
ANH-related decrease in the perioperative ABT use in 
our present study. Intraoperative colloids administration 
is a significant predictor of increased LOHS in patients 
undergoing 1 level minimally invasive transforaminal lumbar 
interbody fusions (28). In the present study, we found that 
intraoperative colloids infusion predicts longer LOHS in 
Rh-negative patients scheduled for major cancer surgeries. 
Although equivalent volumes of colloids replacement for 
ANH use were administered in our hospital, it did not lead 
to increase in the amount of intraoperative colloids infusion. 
In other words, ANH-induced additional colloids infusion 
might not be associated with the prolonged LOHS. 

The limitations of the present study include its 
retrospective design with its lack of randomization and 
inherent inability to identify all confounding variables. A 
well-designed prospective study is needed to better evaluate 
the overall efficiency of ANH in this patient population. 
Second, despite of heterogeneity in the types of enrolled 
surgery, these patients face the common problem of 
scarcity of Rh-negative allogeneic blood supplies during 
the perioperative stage. We mainly investigated the 
perioperative ANH-related outcomes in the present study. 
ANH was shown to be associated with the decreased LOHS 
and LOPS without increasing postoperative adverse events 
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in Rh-negative patients undergoing major cancer surgeries. 
Finally, the prevalence of the Rh-negative population 
is 0.33% in the Han nationality population in China. 
The total number of Rh-negative patients scheduled for 
major cancer surgeries is limited. In the present study, we 
only enrolled the electronic medical records of seventy 
appropriate Rh-negative cancer patients. However, the 
two groups were well-matched for baseline demographics, 
comorbidities, and types of surgery, which guarantee the 
reliability of results.

Conclusions

In Rh-negative patients, ANH facilitates major cancer 
surgeries to be performed safely at the earliest without 
further delays, resulting in a decreased LOPS. ANH is 
also associated with the decreased perioperative ABT and 
occurrence of postoperative adverse events. Taken together, 
these beneficial factors contribute to ANH-related decrease 
in LOHS in this patient population.
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