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Low hematocrit levels: a risk factor for long-term
outcomes in patients requiring prolonged
mechanical ventilation after cardiovascular
surgery. A retrospective study
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ABSTRACT

While low-risk patients who undergo elective surgery
can tolerate low hematocrit levels, the benefits of
higher hematocrit levels might outweigh the risk

of transfusion in high-risk patients. Therefore, this
study aimed to evaluate the effects of perioperative
hematocrit levels on mortality in patients requiring
prolonged mechanical ventilation (PMV) after

a cardiovascular surgery. This single-center
retrospective cohort study was conducted on 172
patients who underwent cardiovascular surgery with
cardiopulmonary bypass or off-pump coronary artery
bypass grafting and required PMV for =72 hours

in the intensive care unit (ICU) from 2008 to 2012
at the Yokohama City University Medical Center in
Yokohama, Japan. Patients were classified according
to hematocrit levels on ICU admission: high (=30%)
and low (<30%) groups. Of 172 patients, 86 were
included to each of the low-hematocrit and high-
hematocrit groups, with median hematocrit levels
(first to third quartiles) of 27.4% (25.4%—28.7%)
and 33.0% (31.3%—35.5%), respectively. The
difference in survival rates was significant between
the two groups using the log-rank test (HR 0.55,
95% C1 0.32 to 0.95, p=0.033). Cox regression
analysis revealed that =30% increase in hematocrit
levels on ICU admission was significantly associated
with decreased long-term mortality (HR 0.40, 95% Cl
0.20 to 0.80, p=0.0095). Lower hematocrit levels on
ICU admission was a risk factor for increased long-
term mortality, and higher hematocrit levels might
outweigh the risk of transfusion in patients requiring
PMV after a cardiovascular surgery.

INTRODUCTION

Perioperative anemia is associated with
increased mortality and morbidity in patients
who underwent cardiovascular surgery.'™ In
contrast, transfusion carries several risks®™®;
thus, prevention of excessive transfusion is
the widely accepted consensus. Accordingly,
several randomized controlled trials (RCTs)
were conducted to examine whether a restric-
tive threshold of hematocrit levels in red-cell
transfusions reduces postoperative morbidity

Significance of this study

What is already known about this subject?

» Perioperative anemia is associated with
increased mortality and morbidity in
patients who underwent cardiovascular
surgery.

» In contrast, transfusion carries several risks;
thus, prevention of excessive transfusion is
the widely accepted consensus.

» Low-risk patients who undergo elective
surgery can tolerate low hematocrit levels.

What are the new findings?

» A total of 172 patients underwent
cardiovascular surgery and required
prolonged mechanical ventilation (PMV)
for =72 hours in the intensive care unit.

» Patients were classified according to
hematocrit levels: high (=30%) and low
(<30%) groups.

» Survival rates were significantly higher in
the high-hematocrit group.

How might these results change the focus

of research or clinical practice?

» The benefits of higher hematocrit levels
might outweigh the risk of transfusion
in patients requiring PMV after a
cardiovascular surgery.

and healthcare costs after a cardiac surgery, as
compared with the liberal threshold.

The Transfusion Requirements After Cardiac
Surgery (TRACS) is a RCT that examined
the mortality and morbidity between the two
groups (restrictive (hematocrit <249%) and
liberal (hematocrit <30%) transfusion groups)
from the start of surgery until discharge from
intensive care unit (ICU) in patients who under-
went cardiac surgery with cardiopulmonary
bypass. They found that differences in 30-day
all-cause mortality and severe morbidity rates
were not significant between the two groups.’
Murphy et al conducted a multicenter RCT
and tested 90-day serious infections or ischemic
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Table 1 Comparison of preoperative patient characteristics
between the low-hematocrit and the high-hematocrit groups

Hematocrit <30% Hematocrit =230%

Characteristic (n=86) (n=86) P value
Gender, ratio of male 50 (58%) 59 (69%) 0.21
(%)

Age (years) 71 (63 -76) 68.5 (61 —76) 0.39
Height (cm) 160 (152.5 - 167) 163 (155 — 168.4) 0.29
Weight (kg) 60 (50 - 70.8) 63 (54.2 - 70.0) 0.11
Smoking within a year 38 (44%) 50 (58%) 0.093
Diabetes mellitus 21 (24%) 21 (24%) 1
Hyperlipidemia 23 (27%) 35 (41%) 0.076
Renal dialysis 11 (13%) 6 (7%) 0.31
Hypertension 67 (78%) 69 (80%) 0.85
Chronic respiratory 7 (8%) 7 (8%) 1
disease

History of 11 (13%) 16 (19%) 0.4
cardiovascular

operation

History of PCI 10 (12%) 12 (14%) 0.82
Consciousness 12 (14%) 6 (7%) 0.21
abnormality within

24hours

Acute myocardial 15 (17%) 17 (20%) 0.85
infarction

Angina pectoris 0.38
Stable 4 (5%) 8(9%)

Unstable 11 (13%) 14 (16%)

Cardiogenic shock 13 (15%) 9 (10%) 0.49
LVEF (%) 60 (55.5 - 70) 64 (54.3 - 70) 0.63
Hemoglobin (g/L) 103 (90 to 115) 107 (97 to 116) 0.32
Hematocrit (%) 30 (27 - 34) 31 (29 - 34) 0.36

Preoperative serum 1.18(0.81-1.72) 0.99(0.84-1.35) 0.2

creatinine (mg/dL)

Quantitative data are expressed as medians (first to third IQRs), and categorical data
are expressed as frequencies (percentages).
LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention.

events between the two groups: restrictive (hemoglobin
level <75g/L

g/dL) and liberal (hemoglobin level <90 g/L) transfu-
sion groups in patients who underwent non-emergency
cardiac surgery.'’ They found that a restrictive transfusion
threshold after cardiac surgery was not superior to a liberal
threshold with respect to morbidity or healthcare costs, and
that the number of deaths in the restrictive-threshold group
was higher than that in the liberal-threshold group (4.2% vs
2.6%; HR 1.64; 95% CI 1.00 to 2.67; p=0.045) in their
secondary analysis. The adequate threshold of hematocrit
level for transfusion for patients who underwent cardiovas-
cular surgery remains controversial.

These studies have examined short-term outcomes:
30-day or 90-day mortality and morbidity. However, few
studies examined the long-term outcome. We might need
to investigate not just the short-term outcome but also the
long-term outcome to determine the adequate threshold
for hematocrit levels for patients who underwent cardio-
vascular surgery. Moreover, one possible reason for the
inconsistencies observed among these trials is the high
variability in disease severity among patients who under-
went cardiac surgery. For example, their subgroup analysis
of TRACS revealed that the restrictive transfusion strategy

was associated with more frequent cardiogenic shock events
than the liberal transfusion strategy in patients aged =60
years.!! It is conceivable that low-risk patients who undergo
elective surgery might tolerate low hemoglobin levels,
whereas the benefits of higher hemoglobin concentration
and subsequently improved oxygen supply might outweigh
the risk of transfusion in high-risk patients (eg, those with
low cardiac output, extensive diseases or who undergo
complex surgery).

One clinical index of sickness in patients who underwent
cardiac surgery is prolonged mechanical ventilation (PMV),
because it is associated with increased early term and mid-
term mortality.'*™® Perioperative low cardiac output and
unstable hemodynamics were demonstrated to be asso-
ciated with PMV."* """ In such patients, compromised
oxygen supply to peripheral tissues and vital organs might
be compensated by higher hemoglobin concentrations.

This study aimed to identify the association between
perioperative anemia and long-term outcomes in patients
who require PMV after a cardiovascular surgery.

MATERIALS AND METHODS

The protocol was registered at the University Hospital

Medical Information Network Center (R000032309,
UMIN000028228).
Patient data were retrospectively collected from

medical records. Consecutive patients who underwent
cardiovascular surgery with cardiopulmonary bypass or
with off-pump coronary artery bypass grafting (CABG)
and who required PMV in the postoperative ICU between
2008 and 2012 were included. Patients who underwent
abdominal aortic aneurysm surgery or endovascular stent
grafting, those aged <18 years and those with insufficient
data in their medical record were excluded from the final
analysis. In previous studies, the duration of PMV varied
between >24hours and 7 days after surgery.'*"* %20 In
this study, PMV duration was arbitrarily set at >72 hours.

Data related to patient characteristics included gender,
age, height, body weight and smoking history within the
last year, underlying diseases (diabetes mellitus, hyper-
lipidemia, renal dialysis, hypertension and chronic respi-
ratory disease), medical history (cardiovascular surgery
and coronary intervention), preoperative state (abnormal
consciousness within the last 24 hours, acute myocardial
infarction, angina pectoris, cardiogenic shock, hemo-
globin, hematocrit, serum creatinine and left ventricular
ejection fraction (LVEF)), operative and anesthetic infor-
mation (operative time, emergency (vs elective surgery),
type of surgery, duration of cardiopulmonary bypass,
amount of bleeding, amount of transfusion and amount of
urine output) and postoperative information (hemoglobin
and hematocrit levels on ICU admission, maximum serum
creatinine level postoperatively, duration of mechan-
ical ventilation, reintubation, reoperation for bleeding,
complications, length of ICU stay, mortality, follow-up
duration and status at the end of follow-up). Postoper-
ative mortality was categorized into 30days, 1year and
long-term with >1-year follow-up. Quantitative data
were expressed as medians (first to third quartiles), and
categorical data as frequencies (percentages). Patients
who required PMV after the cardiovascular surgery were
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Table 2 Comparison of intraoperative and postoperative outcomes of patients between the low-hematocrit and the high-hematocrit

groups

Hematocrit <30%

Hematocrit =30%

Characteristic (n=86) (n=86) P value
Operation time (min) 486 (396 —611) 444 (341 - 569) 0.25
Urgency 1

Elective 39 (45%) 40 (47%)

Emergent 47 (55%) 46 (54%)
Types of procedure 0.016

CABG 7 (8%) 18 (21%)

Valve surgery 20 (23%) 8 (9%)

CABG and valve surgery 9 (11%) 5 (6%)

Aortic surgery 48 (56%) 51 (59%)

Others 2 (2%) 4 (5%)
Duration of cardiopulmonary bypass (min) 223 (181 -278) 219 (156 — 283) 0.43
Amount of bleeding during surgery (mL) 2000 (1386 — 2728) 1920 (1321 - 2958) 0.92
Amount of transfusion during surgery (mL) 3645 (2598 — 5295) 3450 (2128 — 5380) 0.58
Amount of urine output during surgery (mL) 1270 (655 — 1903) 1340 (636 — 2183) 0.34
Hemoglobin on ICU admission (g/L) 8.8(8.2-9.3) 10.7 (10.1 = 11.5)
Hematocrit on ICU admission (g/dL) 27.4 (25.4-28.7) 33.0 (31.3-35.5)
Maximum serum creatinine after operation (mg/dL) 2.00(1.10-3.91) 1.63 (1.16 — 2.80) 0.82
Duration of mechanical ventilation (hours) 192 (120 - 360) 144 (120 - 258) 0.13
Reintubation 11 (13%) 12 (14%) 1
Reoperation for bleeding 18 (21%) 6 (7%) 0.014
Complications
Stroke 17 (20%) 9 (11%) 0.14
Paraparesis 4 (5%) 3 (4%) 1
Renal failure 23 (27%) 24 (28%) 1
Dialysis 14 (16%) 15 (17%) 1
Myocardiac infarction 3 (4%) 3 (4%) 1
Heart block requiring pacemaker implantation 2 (2%) 3 (4%) 1
Arrest 6 (7%) 3 (4%) 0.5
Tamponade 8 (10%) 5 (6%) 0.4
Atrial fibrillation 32 (37%) 24 (28%) 0.26
Mediastinitis 5 (6%) 1(1%) 0.21
Pulmonary embolism 1(1%) 0 (0%) 1
Pneumonia 26 (30%) 21 (24%) 0.49
Length of ICU stay (days) 10.5 (6.3 — 20.5) 9.5(53-14) 0.18
Thirty-day mortality 5 (6%) 3 (4%) 0.72
One-year mortality 17 (22%) 13 (18%) 0.54

Quantitative data are expressed as medians (first to third IQRs), and categorical data are expressed as frequencies (percentages).

CABG, coronary artery bypass grafting; ICU, intensive care unit.

divided according to their hematocrit values on ICU
admission: high (=30%) and low (<30%).

The two groups were compared using the Student’s
t-test or the Mann-Whitney U test for continuous variables
and the Fisher’s exact test for percentages, as appropriate.
Survival rate was evaluated using the Kaplan-Meier method
and compared using the log-rank test. The Cox regression
model was used to evaluate the effects of hematocrit on
survival rate. The following factors were examined as
explanatory variables: age, gender, smoking, hypertension,
preoperative serum creatinine level, preoperative dialysis,
preoperative hematocrit level, LVEF, surgery type, amount
of bleeding, amount of transfusion, hematocrit level on
ICU admission, length of ICU stay, duration of mechanical
ventilation, operative time, perfusion time, reoperation
for bleeding, stroke as a complication and reintubation.

All tested parameters were examined for multicollinearity.
If a correlation was observed between any pair of param-
eters, one of them was excluded from the Cox regression
model. A forward stepwise selection procedure was used
to develop the final regression model, with model selec-
tion at the lowest value of Akaike’s information criterion
at each step.?! For two-tailed tests, a p value of <0.05 was
considered to be statistically significant. Statistical anal-
yses were performed using Prism 6 for Mac OS X 6.9b
(GraphPad Software, San Diego, California, USA) and R
V.2.13.0 statistical software (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
A total of 172 patients were included in this 5-year retrospec-
tive study. There were coincidentally 86 patients each in the
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Figure 1  Kaplan-Meier curves for OS between the two groups
by hematocrit levels on ICU admission. Kaplan-Meier curves
showing that there was a significant difference in the survival
rates between the high hematocrit (=30%) and the low hematocrit
(<30%) groups (HR 0.55, 95% Cl 0.32 to 0.95, p=0.033 by the
log-rank test). ICU, intensive care unit; OS, overall survival.

low-hematocrit and high-hematocrit groups. Comparison of
preoperative patient characteristics between the two groups is
shown in table 1. No statistically significant differences were
observed in any of the parameters, including preoperative
LVEF and hemoglobin concentrations.

Comparison of the perioperative outcomes between the
two groups are shown in table 2. Specifically, types of proce-
dure were different between the two groups (p=0.016).
More patients in the high-hematocrit group underwent
CABG, whereas more patients in the low-hematocrit group
underwent valve or combined CABG and valve surgery.
Notably, more than half of the patients in both groups
underwent aortic surgery. The high-hematocrit group also
had significantly less number of reoperations for bleeding
(n=18 (21%) vs n=6 (7%), p=0.014). The median hema-
tocrit level on ICU admission (first to third quartiles) was
27.4% (25.4%-28.7%) in the low-hematocrit group and
33.0% (31.3%-35.5%) in the high-hematocrit group. Differ-
ences in the length of ICU stay (10.5 vs 9.5 days, p=0.18),
30-day mortality (n=5 (6%) vs n=3 (4%), p=0.72) and
1-year mortality (n=17 (22%) vs n=13 (18%), p=0.544)
were not significant between the two groups according to
the univariate analysis.

Figure 1 shows the Kaplan-Meier curves. The duration of
follow-up was long-term, with median (first to third quar-
tiles) of 37.5 (7-59.25) months in the high-hematocrit group
and 33.5 (4-59.8) months in the low-hematocrit group. The
survival rate was significantly higher in the high-hematocrit
group than in the low-hematocrit group (HR 0.55, 95%CI
0.32 to 0.95, p=0.033). Table 3 shows the results of Cox
proportional hazards model. Specifically, the amount of
bleeding, preoperative dialysis, perfusion time and duration
of mechanical ventilation were excluded because multicol-
linearity was proven between the amount of transfusion and
bleeding, preoperative serum creatinine and preoperative
dialysis, operation and perfusion time and length of ICU stay

Table 3  Cox regression analysis for long-term mortality

Factor HR 95%Cl P value
Age (10years) 1.43 1.03 to 1.98 0.031
Gender (female) 0.36 0.15 t0 0.87 0.024
Smoking within a year 1.75 0.80t03.84 0.16
Hypertension 054  0.27t01.08 0.08
LVEF (10%) 059  0.46100.76 <0.001
Types of procedure 126 0.92t01.73 0.16

0.98101.18 0.11
0.20t0 0.80 0.01
1.03 to 1.07 <0.001

Amount of transfusion (1000 mL) 1.08
Hematocrit on ICU admission (=30%) 0.40
Length of ICU stay (day) 1.05

ICU, intensive care unit; LVEF, left ventricular ejection fraction.

and mechanical ventilation. Hematocrit levels on ICU admis-
sion were independently associated with long-term mortality
(HR 0.40, 95%CI 0.20 to 0.80, p=0.0095, table 3). Other
factors that were independently associated with long-term
mortality were age (every 10 years, HR 1.43, 95%CI 1.03
to 1.98, p=0.031), gender (female, HR 0.36, 95%CI 0.15 to
0.87, p=0.024), LVEF (10%, HR 0.59, 95%CI 0.46 to 0.76,
p<0.001) and length of ICU stay (HR 1.05, 95%CI 1.03 to
1.07, p<0.001, table 3).

DISCUSSION

The results of this single-center retrospective study
including 172 patients showed that lower hematocrit levels
on ICU admission were associated with increased long-term
mortality in patients who required PMV.

We followed up patients on median (first to third
quartiles) duration of 37.5 (7-59.25) months in the
high-hematocrit group and 33.5 (4-59.8) months in the
low-hematocrit group. Only a few studies conducted the
follow-up as longer time as the present study.

Observational studies have declared that perioperative
anemia and transfusion were independent risk factors for
increased morbidity and mortality.'"™ Therefore, several
RCTs were conducted to examine which threshold of
hematocrit level for transfusion is adequate in patients
who underwent cardiovascular surgery.’ ' However, they
failed to convincingly determine it. Anemia was signifi-
cantly associated with short-term outcome and long-term
outcome according to the present study. If anemia may
affect the long-term outcome, RCTs should be conducted to
examine which threshold of hematocrit level for transfusion
is adequate for the long-term outcome.

Patients who required PMV after a cardiovascular surgery
were included. Because they might be at a high risk of
decreased oxygen supply, higher hematocrit levels and so
improved oxygen supply might outweigh the risk of trans-
fusion; therefore, this study demonstrated that lower hema-
tocrit levels on ICU admission were associated with higher
long-term mortality.

Several studies showed that preoperative anemia alone
was an important cause of morbidity and mortality in
cardiac surgery.”** However, preoperative anemia was
not significantly associated with long-term mortality in the
present study, probably due to the small sample size. Preop-
erative treatment with iron and erythropoietin for patients
with anemia was found to be effective in several studies.” *°
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Preoperative transfusion to manage anemia might outweigh
the risk of transfusion and improve postoperative outcomes
in critically ill patients.

This study has several limitations. First, lower hemato-
crit levels on ICU admission might occur due to continuous
bleeding postoperatively. This is reflected in a significantly
increased number of reoperations for bleeding in patients
with low hematocrit levels, as compared with those with
high hematocrit levels. Even after including reopera-
tion for bleeding as an independent variable in the Cox
regression analysis for long-term mortality, hematocrit
levels on ICU admission remained to be associated with
long-term morality. Second, data on hematocrit values
during surgery or ICU stay were not included in the anal-
ysis. In some patients, hematocrit values during these
time points were different from those measured on ICU
admission. Third, this study included different types of
cardiac surgery. Finally, because this was a retrospective
cohort study, biases may be introduced due to variations
in surgeons, clinicians and nursing personnel. Therefore,
the causal relationship between the hematocrit levels on
ICU admission and mortality was not elucidated. Lower
hematocrit levels on ICU admission have been assumed to
lead to critical anemia in patients who required PMV after
a cardiovascular surgery, resulting in increased mortality.
Although several studies already examined the association
between anemia or transfusion and mortality, only a few
conducted a follow-up for a sufficiently long duration as
in this study.

Our retrospective analysis suggests that lower hematocrit
level on ICU admission was a risk factor for increased long-
term mortality in patients who required PMYV after a cardio-
vascular surgery. The benefits of higher hematocrit levels in
reducing long-term mortality in patients who underwent
cardiovascular surgery remained to be elucidated. RCTs to
examine which hematocrit level required transfusion for long-
term mortality are necessary to confirm our findings.
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