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Abstract: (1) Aim of the study: Our study aims to analyze the in�uence of biological parameters such as
hemoglobin, albumin, total protein, on the management and duration of treatment of colon cancer patients
who have undergone elective surgery. (2) Material and methods: Data of 147 patients from the Surgery Clinic
1 of the County Clinical Hospital of Timisoara who underwent an elective surgery for colon cancer treatment
were statistically analyzed using statistical tests such as Anova or Chi square with a p < 0.05 considered to
be statistically signi�cant. (3) Results: Di�erences between preoperative and postoperative parameters were
correlated with the duration of surgery (hemoglobin, p = 0.014). The average length of hospital stay was
correlated with the di�erence between the preoperative and postoperative level of hemoglobin (p = 0.043).
There was a direct correlation between the length of postoperative hospital stay and the di�erence between
the plasmatic levels of albumin (p = 0.033). There were di�erences in the average Charlson index value of
patients who required albumin, with no statistical signi�cance. (4) Conclusions: The di�erence between
preoperative and postoperative levels of biological parameters (hemoglobin, albumin, total protein) has an
in�uence on the management of patients with colon cancer undergoing elective surgery, a�ecting the number
of days the patients spend in the hospital after the surgical procedure, as well as the total number of days spent
in the hospital (from day one to discharge). The greater the variation of those di�erences, the longer recovery
period needed, showing that an early correction of those parameters can lead to a shorter hospital stay, a faster
postoperative recovery and a shorter postoperative hospital stay.
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Introduction

Globally, colon cancer accounts for 10% of all malignancies. This condition is the third most common form
of cancer in men and the second most common in women. Colon cancer is responsible for the deaths of
600,000 people each year, making it the fourth-highest cancer mortality cause [1,2]. In Europe, 5-year survival
varies from 30.9% to 60% in female patients, and from 28.5% to 57% in male patients [3].

The COVID-19 pandemic had a major in�uence on the management and treatment of colon cancer. The
SARS-CoV-2 virus appeared in Wuhan and then spread globally, becoming a public health emergency. Since
all health systems around the world have been overwhelmed by the fast spread and the high numbers of
patients infected with the new coronavirus, restrictions have been imposed. People around the world have
been advised to reduce contact with others, and to visit hospitals only in case of a severe symptomatology.

The success of elective surgery for the treatment of colon cancer is in�uenced by several key biological
parameters such as the levels of hemoglobin, albumin and total plasma proteins, each one playing an important
role in the patient’s postoperative recovery. In addition to these parameters, the patients’ comorbidities have
an important role in the postoperative recovery. This study presents the in�uence of these parameters on the
treatment and management of patients undergoing elective surgery for the treatment of colon cancer.

Materials and Methods

This study was carried out in the 1st Surgery Clinic of the Clinical Emergency County Hospital, Timis, oara,
Romania, analyzing data from three distinct periods of time: 1 March 2016–30 September 2017, 1 March
2018–30 September 2019, respectively, 1 March 2020–30 September 2021. Only the patients who underwent
elective surgery for the treatment of colon cancer were taken into consideration.

The inclusion criteria were the following: patients who underwent elective surgery for the treatment of colon
cancer, within the studied period; additionally, during the pandemic period, more inclusion criteria were
added: the absence of infection or recent history of infection with SARS-CoV-2 virus, absence of any speci�c
symptoms of infection for at least 7 days prior to presentation, a negative PCR test at the admission to the
hospital. The exclusion criteria were included the need for an emergency surgery and, during the pandemic, by
the presence or recent history of the new coronavirus infection, the presence of any symptoms characteristic
of this infection at presentation day or 7 days prior to hospitalization, as well as a positive result for a PCR test.

The data collection was conducted with the approval of the Ethics Commission of the Hospital. Regarding the
demographic parameters, the age, the gender, the rural or urban origin were analyzed. Biological parameters
such as hemoglobin level before and after the surgery were studied, with a dHb variable representing the value
of the di�erence between the two moments. The same method was applied for the variable dAlb (representing
the di�erence between the albumin levels before and after surgery), and the variable dProt (representing the
di�erence between the total plasmatic protein levels). Na and K levels were analyzed, as well as the duration of
surgery, the duration of postoperative hospitalization and the total duration of hospitalization. The need
for postoperative erythrocyte concentrate transfusions as well as patient comorbidities were also taken into
consideration. Comorbidities were assessed using the Charlson Index.

Statistical Methods

All data were analyzed retrospectively. The categorical variables were compared using Chi square tests and a
p < 0.05 was declared statistically signi�cant. For the numerical variables, the parameters of the central tendency
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and those of dispersion were used, as well as unpaired t tests or Anova tests. Where appropriate, non-parametric
Mann–Whitney tests were applied. All data processing was performed using the SPSS statistical analysis
software program.

Results

The demographic aspects of the patients in the study are presented in Table 1.

Table 1. Demographical aspects of the patients.

N (%)

Gender Male 78 (53%)
Female 69 (47%)

Environment Urban 104 (70.74%)
Rural 43 (29.25%)

Between 2020 and 2021, data from 29 patients were taken into consideration, representing 19.72% of the total
number of cases, compared to 68 patients (46.25%) in 2018–2019 and 50 patients (34.01%) in 2016–2017.

The age of the patients varied from 37 to 87 years, with an average of 65.75 years, a standard deviation of 9.98
years, and a median of 66 years.

Initially we have analyzed the plasma levels of sodium and kalium electrolytes. The data are presented in
Table 2.

Table 2. Variation of the plasmatic levels of Na and K.

2016–2017 2018–2019 2020–2021

Na (mmol/L)
Average 139.69 140.12 138.52

Standard Deviation 3.37 4.05 5.13
Median 140 141 140

K (mmol/L)
Average 4.30 4.43 4.21

Standard Deviation 0.52 0.53 0.69
Median 4.3 4.5 4.2

The following step of our analysis was to compare the di�erences between the preoperative and postoperative
levels of hemoglobin (dHb), albumin (dAlb), and plasma proteins (dProt). The results are presented in
Table 3.

A statistical analysis of the correlation between plasma protein di�erence and plasma albumin showed a
p < 0.001 over the three periods of time. In the period 2016–2017, a p = 0.011 was obtained, in the second
period p = 0.018, and in the pandemic period p = 0.002.

It should be mentioned that in the period 2016–2017 the correlation between albumin (dAlb) and hemoglobin
(dHb) generated a p = 0.039.
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Table 3. Di�erences of biological parameters before and after the surgery.

2016–2017 2018–2019 2020–2021

dHb (g/dL)
Average 0.16 *# 1.41 * 1.3 *#

Standard Deviation 2.09 2.4 2.26
Median 0.4 1.4 1.3

dAlb (g/dL)
Average 0.785 0.77 0.49

Standard Deviation 0.59 0.6 0.56
Median 0.7 0.95 0.3

dProt (g/dL)
Average 1.25 1.05 0.86

Standard Deviation 0.74 1.06 0.5
Median 1.45 1 0.85

* p = 0.046 between all 3 periods of time; # p = 0.042 between 2016–2017 and 2020–2021.

Regarding the transfusions received by patients, they were present in 22% of cases in the �rst period, 10.29% of
cases in the period 2018–2019 and 13.79% of cases during the pandemic.

The average age of patients who needed postoperative albumin was 70.25 years, compared to 63.97 of those
who did not need it.

The mean duration of hospitalization was 18.72 days in patients who had a decrease in hemoglobin of at least
0.5 g/dL postoperatively and did not receive blood transfusions, while in those who received transfusions the
mean duration of hospitalization was 16.32 days. Regarding the study of the average duration of hospitalization
correlated with an increase in dHb, a p = 0.043 was obtained.

The correlation between the di�erence in hemoglobin level before and after surgery with the duration of
the operation was studied and a p = 0.014 was obtained. When studying a possible correlation between the
magnitude of dAlb and the duration of the days of hospitalization after the intervention, a p = 0.033 was
obtained. Regarding the level of albumin, those who showed a decrease of at least 0.5 g/dL and did not receive
albumin had an average hospital stay of 20.81 days compared to an average duration of 15 days of those who
received postoperative albumin.

In studying the variation of the Charlson index in association with dAlb, patients who received albumin had
an average Charlson index of 5.25 versus 3.97 of the ones that did not require postoperative albumin.

Discussion

With the onset of the COVID-19 pandemic, the number of patients presenting to hospital for elective surgical
treatment of colon cancer has decreased compared to previous periods. During the pandemic, there were
29 patients, compared to 68 in 2018–2019 and 50 in 2016–2017. This is largely due to pandemic restrictions
such as visiting medical centers only if the patient had severe symptoms, patients’ fear of contacting the new
coronavirus, and the hospital’s focus on treating patients with COVID-19. During the pandemic, this decrease
in the number of cases occurred in countries such as Italy where there were 39% fewer patients that underwent
an elective surgery for colon cancer treatment [4].

In this study, various biological parameters of the patients were analyzed. One of these was the hemoglobin
value. The magnitude of the di�erence between preoperative hemoglobin and postoperative hemoglobin was
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studied. This di�erence was the smallest in the period 2016–2017 with an average of 0.16 g/dL, and the highest
1.41 g/dL in the period 2018–2019. During the pandemic, the average di�erence was 1.3 g/dL. Following the
Anova test, we obtained a p = 0.046, showing that there are signi�cant di�erences over the three periods of
the study in terms of dHb levels. After applying the T test for the period 2016–2017, compared to 2020–2021,
it generated a p = 0.042, resulting in statistically signi�cant di�erences between the two periods, showing that
patients had a lower level of postoperative hemoglobin in the pandemic period, they presented to the hospital
in a more advanced stage of the disease, as well as with a more severe symptomatology. This is also con�rmed
by the study of Cui et al. from 2021, which states that there were 20% more patients with severe symptoms
during the pandemic [5].

It is worth mentioning that the percentage of patients who received blood transfusions increased from 10.29%
during 2018–2019 to 13.79% during the pandemic. An increase in mean age was observed in parallel with the
need for transfusions. This is due to the need of the older patients to be helped to recover, as the physiological
processes slow down with age. This is documented in other articles that show older patients have a lower
hemoglobin level, and therefore a lower regenerative capacity [6].

The length of hospitalization was in�uenced by dHb. during the three periods. For patients with a
postoperative decrease greater than 0.5 g/dL in hemoglobin who did not receive blood transfusions, there was
an average of 18.72 days of hospitalization, whereas in patients who received postoperative blood transfusions,
the average number of days of hospitalization was 16.32 days. This is due to the body’s regeneration capacity,
which is in�uenced by higher levels of postoperative hemoglobin. Following the correlation analysis, a p =
0.043 was obtained, showing that there is a correlation between the increase in dHb and the average length of
hospitalization. As the patient had lower postoperative hemoglobin levels and involved a higher dHb, it had a
longer recovery period and, as a result, a prolonged hospitalization.

Moreover, the connection between the dHb variation and the duration of the intervention was analyzed, and
a p = 0.014 was obtained, showing that there is a correlation between the two variables. Thus, a prolonged
operation time implies a higher degree of di�culty of the surgical act, and a prolonged exposure to the
hemorrhagic risk.

Regarding the parameters such as albumin and plasma proteins, the correlation between these two was
studied, and a p < 0.001 resulted in the correlation between albumin and total proteins. It should be noted
that, in the period 2016–2017, a p = 0.039 was obtained, which shows a correlation between dAlb and dHb,
so in that period the patients whose hemoglobin value decreased, had in parallel a decrease in postoperative
albumin value.

Patients who required postoperative albumin had a mean age of 70.25 years, compared to 63.97 years for those
not needing albumin therapy. This con�rms the inability of the elderly body to cope with surgery if not
helped as seen in other studies such as the one from Ristescu et al. [7,8].

The average length of hospital stay was in�uenced by dAlb. Thus, patients who had a decrease of more than
0.5 g/dL and did not receive albumin had an average hospital stay of 20.81 days, compared to 15 days for patients
who received albumin. This is due to the need for the body to have at its disposal albumin and plasma protein
for faster postoperative recovery, for the integrity of the anastomosis performed after surgery, and to avoid
postoperative complications such as anastomotic leak. Finally, the more balanced a patient was, the quicker
he left the hospital environment.
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The average duration of postoperative days generated a signi�cant value of p = 0.033 in terms of correlation
with the magnitude of albumin. Thus, a correlation was observed between the two variables, showing that
with the increase in the dAlb, the number of days spent in the hospital after the surgery increases. This aspect
has also been found in the research articles such as the one from Haskins et al., where a p < 0.001 has been
described [9].

Regarding the Charlson Comorbidity Index and its association with dAlb, it was observed that patients who
needed postoperative albumin had an average Charlson Index of 5.25, and those who did not need it had
an average index of 3.97. This association shows that patients with comorbidities have a higher degree of
di�culty in postoperative recovery, requiring additional monitoring and albumin to avoid postoperative
complications [10,11].

Conclusions

Following this study, di�erences were observed statistically over the three studied periods in terms of
hemoglobin di�erence level; moreover, in the period 2016–2017, a correlation between dAlb and dHb was
observed, as well as a correlation between the average duration of hospitalization and dHb. Furthermore, the
duration of the surgery was correlated with dHb, showing that with the increase in the complexity of the cases,
there was an increase in the duration of the surgery, as well as an increase in dHb. Patients’ comorbidities also
had an in�uence on dAlb, so that the higher the Charlson Index was, the greater was the need for albumin.
The greater the variation of those di�erences was (dHb, dAlb, dProt), the longer recovery period was needed,
showing that an early correction of those parameters can lead to a shorter hospital stay, a faster postoperative
recovery and shorter period of time until discharge.
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