
Int J Clin Exp Med 2014;7(9):3072-3075
www.ijcem.com /ISSN:1940-5901/IJCEM0001690

Original Article
Effect of pre-operative red blood cell distribution  
on cancer stage and morbidity rate in  
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Abstract: Background: The red blood cell distribution (RDW) is a test measure of erythrocyte variation and the 
volume level which shows the heterogeneity and it is a proven test in literature for the determination of survival on 
cardiovascular diseases. The main purpose of this research is to investigate the relationship between the RDW level 
and postoperative morbidity as well as its stages in diagnosed pancreatic cancer patients. Methods: In this study 
we covered 104 diagnosed pancreatic cancer patients who have been operated in 2011-2014. The RDW levels were 
separated into two groups. Group 1 contains higher level RDW patients (> 14) whereas group 2 contains only lower 
level RDW patients. We compared both groups in terms of the patients’ demographic data, duration of hospitaliza-
tion, ratio of pancreatic fistula, disease period, and the mortality rates. Results: In group 1 contains 39 patients 
whereas group 2 contains only 65 patients.  We determined the positive correlation between stages of disease with 
RDW levels as well as the correlation between low level of blood albumin and Ca 19.9 levels (p = 0001). However 
we did not observe statistically important difference in postoperative morbidity. Conclusions: Based on this study 
we report that RDW levels can be use as a marker to show the stages of pancreatic cancer in diagnosed patients.
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Introduction

RDW is one of the main parameters in whole 
blood count assay. Recently there have been 
numerous researches ongoing regarding this 
[1, 2]. For instance the RDW levels were found 
very high in patients with cardiovascular dis-
eases, neurovascular complications, sepsis, 
COPD and hepatitis [3, 4]. Moreover in these 
disorders a direct relation between the mortal-
ity rate and level of the disease was deter-
mined. However it could not be identified a 
direct relationship mechanism of high RDW lev-
els with the mortality rate in these diseases but 
it was suspected on other parameters such as 
the chronic inflammation in erythrocytes, low 
levels of nutrition, and age of the patients.

Pancreatic cancer is 4th most frequent cancer 
disease leading to deaths in US [5]. Mostly the 
patients were discovered and diagnosed at 

later stages of this disease, which leaves us the 
only choice as surgery. Even after surgery the 
survival rate is only 5% within 5 years. Although 
there is still no effective test to show post-oper-
ative morbidity and mortality rates for these 
patients, the most important indicator for the 
survival is the stages of the deathly disease as 
well as rate for resection after surgery. Even 
though for now there is no direct pre-operative 
biochemical assay parameter, it has been 
shown that there is relationship between the 
studies of high levels of CA 19.9 with stages 
and recurrence of the disease [5, 6]. Therefore 
in this study we aim to investigate the effect of 
high RDW levels between the stages of the dis-
ease and the rate of post-operative morbidity.

Methods

In this study we evaluated the data of 104 pro-
spective patients who went sequentially under 
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the pancreatic duodenectomy surgery in our 
clinic between the years of 2011 and 2014. 
The patients were previously diagnosed to pan-
creatic cancer using endoscopic ultrasound 
system with CT and ERCP as well as with clini-
cal examination. The stages of pancreatic can-
cer were determined by TNM classification. 
Before the surgery WBC, hemoglobin, and MCV 
levels were determined by XXX instrument, 
albumin, creatinine, CRP levels were deter-
mined by AAA instrument, and finally CA 19.9 
levels were determined by YYY instrument. The 
patients with high RDW levels (group 1, N = 39) 
and low RDW levels (group 2, N = 64) were sep-
arated in two groups. These groups were com-
pared in their pre-operation nutrition levels, 
TNM stages, and CA 19.9 degrees. After the 
surgery their pancreatic leakage rate, duration 
of their hospitalization and the mortality rate 
were compared. Before and during the surgery 
patients with determined extra-pancreatic 
metastasis were outlined on this study.

Statistical analyses

Continuous variables were expressed as mean 
value ± standard deviation (SD). We used SPSS 
16.0 for windows to perform statistical proce-
dures. Differences in categorical factors were 
determined with Fisher’s exact test. Differences 
in continuous values between two groups were 
assessed with student’s t test for normally dis-
tributed variables, and non-parametric Mann-
Whitney U tests for non-normally distributed 
variables as appropriate. Differences in contin-
uous variables among three or more groups 
were assessed with one-way analysis of vari-

(76%) with level-3, and 4 patients (10.2%) with 
level 4, while in group 2 there were 40 patients 
(61.5%) with level-1, 23 patients (35.3%) with 
level-2, 2 patients (3.07%) with level-3, and 
none with level-4. When statistically compared 
with group 1 we have found that in group 2 
there were fewer patients at higher levels, 
which showed a significant difference. Table 1 
shows that RDW levels and preoperative stage. 
When we compared the biochemical parame-
ters during the patients’ pre-operation term the 
high RDW levels and low albumin levels are 
related to post-operative morbidity (Table 2). 
The biochemical data, morbidity rate, and stag-
es of the disease comparison results were 
shown on Table 2. Another comparison was 
conducted with Pancreatic Fistula (PF) and 
post-operative RDW levels whether they are 
related to each other or not and it was conclud-
ed that there is no relationship on PF and pre-
operative RDW levels when statistically 
compared.

Discussion

Pancreatic cancer is the deathliest of all intra-
abdominal cancers. Most of the patients are 
admitted to clinic at later stages and because 
of this morbidity rates after surgery and compli-
cations on nutrition are pretty high. Although 
the most abundant therapeutic treatment in 
pancreatic cancer is surgery, the survival rate 
within five [5] years after surgery is still around 
5%, which makes one of the hardest targets for 
treatment and chance of survival. The survival 
rate for this disease varies based on the level 
of the cancer. Even though there are several 
methods to identify the level of the disease dur-

Table 1. The comparison between RDW level and preop-
erative stage, in group 1 RDW < 14, in group 2 RDW > 14

Stage 1 Stage 2 Stage 3 Stage 4
Group 1 (N = 39) 2 (5.1%) 3 (7.6%) 30 (76%) 4 (10.2%)
Group 2 (N = 65) 40 (61.5%) 23 (35.3%) 2 (3.07%) 0
P < 0.001 < 0.001 < 0.001 < 0.05

Table 2. Biochemical parameters and satage
Stage N RDW Albumin (g/dl) Ca 19.9 (ng/ml)
I 42 12.54 + 0.68 4.5 + 0.3 14.67 + 5.85
II 26 13.98 + 0.87 3.99 + 0.55 35.76 + 4.6
III 32 17.2 + 2.5 3.6 + 0.5 58.84 + 5.67
IV 4 19.2 + 1.6 2.9 + 0.45 91.17 + 4.86

ance for normally distributed variables 
and Kruskal-Wallis for non-normally dis-
tributed variables. A p-value < 0.05 was 
considered statistically significant.

Results

The patients’ demographic data where 
high RDW levels (group 1, N = 39) and 
low RDW levels (group 2, N = 65) were 
shown on Table 1. As indicated there 
are 39 patients in group 1 and 65 in 
group 2. The age medium in group 1 is 
68.25 (45-80) while in group 2 is 67.56 
(38-82). In group 1, there were only 2 
patients (5.1%) with disease level-1, 3 
patients (7.6%) with level-2, 30 patients 
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ing the post-operative term, high level of CA 
19.9 can also demonstrate where the patient’s 
level on cancer and help understand the sur-
geon how/when to operate. In addition to that 
in one of the meta-analysis shows that CA 19.9 
levels could play an important role to identify 
and diagnose the pancreatic cancer at earlier 
stages [6]. There is still no appropriate blood 
test or assay to show morbidity and mortality 
rates before the pancreatic tumor operations. 
For this reason RDW lately is one of the most 
studied parameter and under investigation to 
be used on a daily basis. RDW is also being 
extensively studied in various areas such as 
coroner artery disease, lung and breast cancer 
[7-9]. However our study is the first its kind that 
shows RDW levels which is correlated with mor-
bidity and mortality on pancreatic cancers after 
the operation. Based on this study we have 
determined that basic RDW levels are definitely 
related and proportional with the levels of dis-
ease and the duration of hospitalization after 
the surgery. RDW levels higher group is statisti-
cally much more different than RDW levels 
lower group when compared on their duration 
of hospitalization after the surgery. We also 
found that high RDW levels are related to chron-
ic inflammation and nutritional complications. 
In literature it was determined that the eleva-
tion of pre-operative inflammation parameters 
increases post-operative complications [10-
12]. When we searched in the literature we 
have also found that high levels of RDW is espe-
cially related to oxidative stress as a result of 
this it has been determined that there are some 
changes on RBC membrane glycoproteins and 
RBC morphology. Again on another study with 
breast cancer patients the RDW levels are 
found meaningfully higher than the normal 
group [12, 13]. The existence of pre-operative 
inflammation also increases the post-operative 
complications. However on these studies there 
is no clear evidence and understanding why 
RDW levels are related to inflammation. But 
potential mechanisms include impairing iron 
metabolism, inhibiting the response to erythro-
poietin, and decreasing red blood cell survival 
via production of inflammatory markers [13-
15]. The overproduction of selective cytokines 
such as interleukin-6, tumor necrosis factor α, 
and CRP has been shown to play a key role in 
inducing chronic inflammation in cancer 
patients [16]. In addition, chronic inflammation 
is also reported to lead to a poor response to 

chemotherapy [17, 18]. Hence the poorer sur-
vival in patients with higher RDW values might 
be due to chronic inflammation itself, or the 
poor response to chemotherapy; however, fur-
ther investigation is needed to explain the rela-
tionships of RDW with inflammation and the 
response to cancer treatment. Therefore it was 
concluded that in our study also supported the 
hypothesis which is the elevation of RDW levels 
play crucial role at post-operative term in devel-
opment of pancreatic fistula not in pre-opera-
tive term.

Another question on this matter whether the 
elevation of RDW levels is directly related to dis-
ease stages. On one of studies for lung cancer 
patients, it has been determined that there is 
strong correlation on the elevation of RDW lev-
els with disease prognosis and its stages [18]. 
In our study we have also found strong correla-
tions between high RDW levels and disease lev-
els as well as duration of the hospitalization 
after surgery due to post-operative complica-
tions at the hospital.

So the scientific approach and hypothetical 
question could be for this how the measure-
ment of RDW levels at pre-operative stage 
could help the patients with pancreatic cancer. 
The answer to this hypothetical question could 
be actually found in the clinical episodes where 
they are either resectable or borderline patients 
to whom we might need to plan on the surgery 
after careful neoadjuvant (chemotherapy) treat-
ment. Because their RDW levels could be high-
er therefore the patient can be at later stages 
of the disease. In spite of low levels of mortality 
and morbidity rates observed after careful 
operation for pancreatic tumors, the existence 
of pre-operative inflammation and nutrition 
complications can be directly related to devel-
oping post-operative complications. Therefore 
the timing for the surgery could be determined 
based on the RDW levels. For this reason the 
determination of RDW levels before the surgery 
could give several advantages to help pancre-
atic cancer patients. We also have demonstrat-
ed that there is strong correlation with RDW 
levels and disease stages. However, to fully 
understand this phenomenon there is a need 
to have more meaningful studies with large 
populations.

Finally in pancreatic cancer patients it is highly 
important to obtain the information beforehand 
in regards to really understand the stages of 
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disease and development of post-operative 
complications which would help the determine 
surgery time and neoadjuvant treatment plan. 
In order to obtain that information measuring 
RDW levels could be ideal, which is a simple, 
cheap, and clinically practical way during pan-
creatic cancer treatment. In future it is evident 
that there needs to be more comparative stud-
ies to understand this issue.
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