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Cytopenia is common complication in critically ill patients. Aim: Incidence and pattern of different types
of cytopenia as well as its impact on mortality and length of stay in critically ill patients were evaluated.
Methods: Critically ill patients with any kind of cytopenia for more than 2 days were evaluated. Results:
Anemia was the most common type of cytopenia in the patients (99.14%), followed by lymphocytopenia
(32.17%), thrombocytopenia (27.82%), and leukopenia (19.13%). Mortality rate was significantly higher in
patients with anemia (p < 0.0001), thrombocytopenia (p < 0.0001), leukopenia (p < 0.0001), neutropenia
(p = 0.004), lymphopenia (p = 0.002) and pancytopenia (p < 0.0001). Higher duration of anemia, lymphope-
nia and thrombocytopenia were associated with longer intensive care unit stay (p < 0.0001, p < 0.0001
and p < 0.001, respectively). Conclusion: Among all assessed variables, incidence of thrombocytopenia
could independently predict the mortality.
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Cytopenia is defined as blood cell counts below the lower limit of normal. Several types of cytopenia exist,
depending on which blood cell line is decreased, including anemia, thrombocytopenia, lymphopenia, leukopenia
and neutropenia [1]. According to the WHO, anemia is defined as hemoglobin (Hgb) concentration below 12 g/dl
for females and 13 g/dl for males.
About 60-70% of critically ill patients have mean Hgb concentration below 12 g/dl at admission and 40-50%
experience anemia during their ICU stay [2]. Critically ill patients who did not receive transfusions had a mean
reduction of 0.52 g/dl/day in their Hgb level [3]. Even after intensive care unit (ICU) discharge, about half of the
patients suffer from anemia for 6 months [4].
Various conditions in critically ill patients such as blood loss, inflammation and decreased erythropoietin
production can lead to anemia (5. Medicines can induce anemia via bone marrow suppression, interacting with
nutrients [6], reducing erythropoietin synthesis and bleeding induction [5]. The relation between anemia with
mortality and morbidity has been well established. In critically ill patients, anemia results in an increase in mortality
rate, myocardial infraction, mechanical ventilation duration (5] and hospitalization period (7).
Thrombocytopenia is defined as a platelet count below 150,000 cells/pl. The incidence of thrombocytope-
nia in critically ill patents is about 20-25% in different populations [8]. It has been demonstrated that early
thrombocytopenia (on day 4 after ICU admission) is more prevalent than late thrombocytopenia (on day 14 after
ICU admission) but late thrombocytopenia is more predictive of death than earlier in the ICU course [9]. Sepsis
(52%), disseminated intravascular coagulation (25%), drug-induced thrombocytopenia (10%), massive blood loss
(8%), immune thrombocytopenia (3%), thrombotic microangiopathy (1%) and heparin-induced thrombocytope-
nia (1%) are the most common causes of thrombocytopenia [8]. Some conditions, such as bilirubin rise, cardiac
arrest, having a central catheter, heparin use and respiratory failure are risk factors for thrombocytopenia [10]. Even
in critically ill patients without documented thrombocytopenia, a 30% decrease in platelet counts within normal .
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range leads to higher mortality rates [11]. Critically ill patients being thrombocytopenic for more than 4 days have
46 folds higher mortality rates in comparison to normocytic one [8].

Leukopenia in adults is defined as white blood cells count below 4000 cells/pl (12). Severe leukopenia is caused
by hematologic malignancies, aplastic anemia and hairy cell leukemia [13]. Sepsis or other serious illnesses can
cause lymphopenia via inducing lymphocyte apoptosis [14]. Bacterial or fungal sepsis (24%), postoperative state
(22%), malignancy (17%), glucocorticoid administration (15%) chemotherapy and/or radiotherapy (9%) and
hemorrhage or trauma (8%) are responsible for lymphopenia [15]. One study showed that ICU patients with low
baseline lymphocyte count and persistent lymphopenia on the third day after ICU admission were more prone to
ICU acquired infection [16]. Critically ill patients with persistent lymphocytopenia after ICU admission are more
prone to ICU acquired infections and have higher mortality rates than normal individuals [16,17).

Neutropenia is a neutrophil count below 1500 cells/pl and severe neutropenia describes the situation where
the count of neutrophils is less than 500 cells/pl [13]. The prevalence of neutropenia in the US population varies
from 0.38 to 4.5%, according to race (black, white and Mexican—American) [18]. Major causes of neutropenia are
metastatic carcinoma, lymphoma and chemotherapeutic agents [19].

The prevalence of each type of cytopenia varies, according to cytopenic cell line, race, age, sex and clini-
cal condition of patients [2,8]. Cytopenia is associated with longer hospitalization and ICU stay, higher risk of
myocardial infraction, increased need for mechanical ventilation, higher rates of ICU acquired infection and mor-
tality [10,16,20,21]. Thus, clarifying the causes of cytopenia and its pattern helps the clinicians to choose the best
treatment plan and reduce the cost imposed on patients and the healthcare system. The aim of this study is to
evaluate the pattern of cytopenia as well as its plausible impact on mortality and ICU length of stay (LOS) in
critically ill patients.

Methods

This cross-sectional study was conducted in the ICU of Imam Khomeini Teaching Hospital, affiliated to Tehran
University of Medical Sciences, Tehran, Iran from 22 July 2016 to 15 May 2017. The study was approved by the
Hospital Medical Ethics Committee and Institutional Review Board, and written informed consents were obtained
from the patients or their family members. A sample size of 117 patients was calculated considering power of 80%,
alpha error of 5% and the dropout rate of 10%.

ICU patients more than 18 years old presenting with any kind of cytopenia for more than 2 days were randomly
selected and followed-up until being discharged from the ICU or being expired. The patients’ demographic
and clinical data including, sex, age, the reason for admission, underlying diseases, medication history, drugs
administered during the ICU stay and duration of ICU stay were all recorded. Prescribed drugs were categorized
into 14 groups based on The Anatomical Therapeutic Chemical classification system [22]. The severity and the
causes of each type of cytopenia were classified based on previous related studies [12,13,23-25].

The definitive diagnosis of cytopenia was made if at least two consecutive peripheral blood smears or complete
blood counts showed blood cell counts below the lower limit of normal. The complete data regarding the patients’
cytopenia, including the onset (whether the patients had cytopenia on admission or they developed during the
stay in ICU), the cause, the outcome (reversible or irreversible), the duration of cytopenia and the average value
of hematological blood cells during the ICU stay were all collected. The outcome was considered as reversible
if blood cell counts reached normal range or had an ascending pattern toward mild cytopenia during the ICU
stay. White blood cell counts over 10,000 cells/pl for at least 2 consecutive days were reported as leukocytosis.
Any abnormal findings in urine, cerebrospinal fluid, and blood, as well as trachea culture were noted during ICU
admission. The mean value of serum creatinine, plasma magnesium level, plasma phosphorus level, C reactive
protein, erythrocyte sedimentation rate, plasma iron level, plasma ferritin level and transferrin saturations were also
documented. Any axillary body temperature above 38.3°C was considered as fever [26]. For patients with direct liver
injury, including liver metastatic cancer, viral hepatitis, nonalcoholic fatty liver disease and autoimmune hepatitis,
the Child-Pugh score was calculated based on the first reported value of albumin, total bilirubin, prothrombin
ratio and international normalized ratio. Radiotherapy and drug-induced cytopenia were considered as causes of
cytopenia when there were no confirmed reasons for blood cell counts below the lower limit of normal [13,27].
Disease-related causes of lymphopenia included Cushing syndrome and metastatic cancer [15]. The probability of
causality assessment for cytopenia was recorded as probable, likely and definite. The case was considered as definite
if it was supported by clinical condition and there were no other reasons for cytopenia, while if the cytopenia was

628

J. Comp. Eff. Res. (2020) 9(9) future science group



Types & outcomes of cytopenia in critically ill patients

induced by one or two causes and four or more causes other than the main cause, the case was identified as likely
and probable, respectively [28].

The data were analyzed by SPSS version 24 (IL, USA). Categorical variables were presented as absolute and
relative (percentage) frequencies. Continuous variables were expressed as mean =+ standard deviation. Pearson
test and Kruskal-Wallis test were used to show any possible correlation between variables. Fisher’s exact test and
Chi-square test were used to statistically compare qualitative and quantitative data, respectively. The influence of
different factors related to cytopenia on the overall outcome (expired or discharged) was evaluated by multivariate
logistic regression analysis. p < 0.05 was considered as the significance level.

Results

Totally, 117 cytopenic patients including 69 women (60%) and 48 men (40%) were assessed during the study
period. The mean (SD) age of the patients was 53 (18) years and 58.97% of them were females. The demographic
and clinical data of patients are shown in Table 1.

Totally, 13 patients were admitted to ICU due to elective surgery, 15 patients for trauma and 89 patients for other
medical conditions, including pneumonia; sepsis; Guillain—Barré syndrome; pancytopenia; venous thrombosis; and
hemolysis, elevated liver enzymes and low platelet count syndrome.

The range of ICU stay was 2—79 days (with a median of 6 days). Totally, 29 patients (24.8%) died during the
study period and 88 patients were discharged from ICU.

A total of 100 patients suffered from underlying diseases. The most prevalent underlying diseases were cardiovas-
cular (48.69%), cancer (41%) and endocrine diseases (24.34%). The onset, outcome and mean value of duration of
each type of cytopenia, as well as the mean value of blood cell counts are shown in Table 2. Most of patients did not
have cytopenia on admission and became cytopenic during ICU stay. Cytopenia was reported irreversible for the
majority of the patients. The results showed that 99.14, 32.17, 27.82, 19.13, 6.83, 5.21 and 5.21% of cytopenic
patients suffered from anemia, lymphocytopenia, thrombocytopenia, leukopenia, neutropenia and pancytopenia,
respectively.

The causes, frequencies and probability of causality assessment for each type of cytopenia are reported in Table 3.
Blood loss due to surgery and trauma was the main cause of anemia in both expired and discharged groups by 61
cases (52.6% overall). One pancytopenic patient who had abortion with methotrexate due to ectopic pregnancy
was the only case of drug-induced anemia. The reasons responsible for leucopenia in nearly 55% of patients were
sepsis and viral infection. Six neutropenic patients distributed equally (33.3%) between three subclassifications
(sepsis and viral infection, hematologic malignancy and drug induced and radiotherapy). Blood loss was the most
common cause of lymphopenia (22 cases [59.5%]). Eight cases of thrombocytopenia were due to coagulopathy
(overall 25%). Pancytopenia occurred in six patients, mainly due to the administration of chemotherapy drugs. All
of these patients died.

The association between the overall outcome and demographic data including age, sex, cause of ICU admission,
presence of underlying disease and the history of taking medications before ICU admission are presented in
Table 4. The mean of age was significantly higher (p = 0.02) in expired patients in comparison to discharged ones
(60.93 £ 17.4 vs 50.96 % 18.6 years). However, no significant difference was observed between overall outcome
and other mentioned factors.

Further analysis was conducted to show the impact of each type of cytopenia, the mean value of blood cell
counts, reversible cytopenia and the cytopenia developed after ICU admission on the overall outcome. The results
indicated that the overall outcome was significantly affected by Hgb concentration (p < 0.0001), leucopenia (p <
0.0001), neutropenia (p = 0.004), lymphopenia (p = 0.002), thrombocytopenia (p < 0.0001) and pancytopenia (p
< 0.0001). The discharged group had a significantly higher rate of reversible lymphopenia than the expired group
(p = 0.008). However, the reversibility of other types of cytopenia had no significant association with the outcome
(Table 4).

Longer duration of anemia, lymphocytopenia and thrombocytopenia was associated with longer ICU LOS (p
< 0.001 for all) and higher rate of mortality regarding overall outcome (p < 0.001; p < 0.001 and p = 0.004,
respectively).

Discharged patients with lower amount of Hgb had a significantly longer ICU LOS (p = 0.022); however, this
association was not significant in expired patients (p = 0.614). The outcome was not affected by anemia severity in
both groups (discharged p = 0.472 and 0.385 in discharged and expired patients, respectively). Patients with mild
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Table 1. Demographic and clinical data of the patients.

Quantitative variable
Age (years)

ICU LOS (days)

Serum creatinine (mg/dl)
Mg serum level (mg/dl)

P serum level (mg/dl)
CRP (mg/dl)

ESR (mm/hr)

Serum iron level (mg/dl)
Serum ferritin level (mg/dl)
Transferrin saturation (%)
The Child—Pugh score
Qualitative variable

Sex

Reason for hospital admission

Underlying disease

History of medication use

Prescribed drugs during pancytopenia

Urine culture

Range
18-87
2-79
0.5-9.1
0.2-9.1
1.8-7.1
2-193
0.5-122
12-46
106-772
8.20-57
5-11

- Male

- Female

- Medical condition

- Surgery

—Trauma

-No

- Yes

- Cardiovascular disease

- Cancers

- Endocrine disease

- Infectious diseases

- Immune disorders

- Pulmonary disease

- Neurologic disease

- Urogenital

- Gastrointestinal and liver diseases
- Cardiovascular system

- Systemic hormonal preparations
- Antineoplastic and immunomodulating agents
- Blood and blood forming organs
- Alimentary tract and metabolism
— Nervous system

- Musculo-skeletal system

- Anti-infectives for systemic use

- Anti-infectives for systemic use

- Alimentary tract and metabolism
- Blood and blood forming organs
- Musculo-skeletal system

- Cardiovascular system

- Systemic hormonal preparations, excl. sex hormones

and insulins

— Nervous system

- Antineoplastic and immunomodulating agents
- Positive

- Negative

CSF: Cerebrospinal fluid; ESR: Erythrocyte sedimentation rate; LOS: Length of stay; SD: Standard deviation.

Mean (SD)
53.44 (18.80)
11.56 (13.79)
1.37 (1.22)
2.12 (1.05)
3.85(1.05)
66.74 (38.73)
45.44 (34.60)
30.83 (16.22)
483.83 (303.77)
25.87 (19.76)
8.13 (1.959)
N (%)

48 (41%)

69 (59%)

88 (76.1%)
13 (11.1%)
15 (12.8%)
16 (13.7%)
101 (86.3%)
56 (47.86)
46 (39.31%)
28 (23.93)
13(11.11%)
13(11.11%)
6 (5.12%)

6 (5.12%)

4 (3.41%)

4 (3.41%)

30 (25.64%)
30 (25.64%)
20 (17.09%)
9 (7.69%)

8 (6.83%)
5(4.27%)
5(4.27%)

4 (3.41%)
112 (95.72)
111 (94.87)
106 (90.59%)
103 (88.03%)
80 (64.37%)
58 (49.57%)

29 (24.78%)
7 (5.98%)

13 (11.11%)
15 (12.82%)

630 J. Comp. Eff. Res. (2020) 9(9)

future science group



Types & outcomes of cytopenia in critically ill patients

Research Article

Table 1. Demographic and clinical data of the patients (cont.).

Quantitative variable

Blood culture

Trachea culture

CSF culture

Thyroid hormone function

Hepatitis C virus antibody

Hepatitis B virus surface antigen

Human immunodeficiency virus copy

The Child-Pugh class

Mean body temperature

Range

— Negative

— Acinetobacter sp
- Klebsiella sp

- Staphylococcus sp
— Enterococcus sp
— Enterobacter sp
- Positive

— Negative

— Positive

— Negative

- Hyperthyroidism
- Hypothyroidism
— Euthyroidism

- Yes

-No

- Yes

-No

- Yes

-No

—Class A

—Class B

- Class C

—Normal

- Above 37.9°C

CSF: Cerebrospinal fluid; ESR: Erythrocyte sedimentation rate; LOS: Length of stay; SD: Standard deviation.

Mean (SD)
13 (11.11%)
3 (2.56%)

2 (1.70%)

6 (5.12%)

3 (2.56%)
1(0.85%)

3 (2.56%)
14 (11.96%)
0 (0%)

5 (4.27%)
1(0.85%)

0 (0%)

8 (6.83%)

4 (3.41%)
13 (11.11%)
1 (0.85%)
16 (13.67%)
1 (0.85%)
15 (12.82%)
1 (0.85%)

5 (4.27%)

2 (1.70%)
74 (63.2%)
43 (36.8%)

Table 2. The definition of each kind of cytopenia, the onset, the outcome, the mean value of duration and the mean

value of blood cell counts.

Cytopenia Definition Severity Frequency Onset Outcome Mean value of Mean value of
related blood cell  duration (SD)
(SD)
During ICU On Reversible Irreversible
stay admission
Anemia Female Mild 91 (78.4%) 11 (9.48%) 105 (90.51%) 10 (8.62%) 106 (91.37%) Hgb: 9.79 (1.07) 11.32 (13.64)
9 <Hgb <12g/dl g/dl
Male 9 < Hgb <13
7 <Hgb <9 Moderate 25 (21.6%)
Hgb <7 g/dl Severe 0 (0%)
Thrombocytopenia 70 < Plt < 100 Mild 12 (37.5%) 15 (46.87%) 17 (53.12%) 24 (75%) Plt: 0.59 (0.38) 10.53 (9.35)
X1000 cells/pl *1000 cells/pl
20 <Plt <70 Moderate 18 (56.3%)
Plt <20 Severe 2 (6.3%)
Lymphopenia Lym < 1000 cells/pl - 37 12 (32.43%) 25(67.56%) 9(24.32%) 28 (75.67%) Lym:0.61(0.17) 12.16 (11.96)
cells/ul
Leukopenia WBC < 4000 - 8 4 (50%) 4 (50%) 4 (50%) WBC: 1.95 (1.05) 10.50 (9.02)
cells/pl *1000 cells/pl
Neutropenia 1000 < Neu <1500 Mild 2 (33.3%) 3 (50%) 3 (50%) 3 (50%) Neu: 0.59 (0.38) 9.17 (9.90)
cells/ul cells/ul
500 < Neu < 1000 Moderate 2 (33.3%)
Neu < 500 Severe 2 (33.3%)
Hgb: Hemoglobin; ICU: Intensive care unit; Lym: Lymphocyte count; Neu: Neutrophil count; Plt: Platelet count; SD: Standard deviation; WBC: White blood cell.
future science group www.futuremedicine.com 631



Research Article

Bagheri, Labbani-Motlagh, Mirjalili, Karimzadeh & Khalili

Table 3. The causes, frequencies and probability of causality assessment for each type of cytopenia.
Cytopenia

Anemia

Lymphopenia

Thrombocytopenia

Leukopenia

Pancytopenia

Neutropenia

Causes Frequency (percentage) Causality assessment
Discharged patients Dead patients Total Probable Likely Definite

- Blood loss 50 (57.5%) 11 (37.9%) 61 1 45 15

- Gastrointestinal cancers 16 (18.4%) 5(17.2%) 21 2 19

— Chronic disease 7 (8.0%) 5(17.2%) 12 8 4

- Hematologic malignancy 1(1.1%) 4 (13.8%) 5 5

— Sepsis and viral infection 2 (2.3%) 2 (6.9%) 4 3 1

- Vaginal and nonvaginal delivery and 11(12.6%) 1(3.4%) 12 7 5

abortion

— Drug/radiotherapy induced 0 (0%) 1(3.4%) 1 1

— Total 87 (75%) 29 (25%) 116

—Blood loss 16 (88.9%) 6 (31.6%) 22 13 9

— Sepsis and viral infections 1(5.6%) 5 (26.3%) 6 6

— Drug/radiotherapy induced 0 (0%) 3(15.8%) 3 1 2

— Hematologic malignancy 0 (0%) 3(15.8%) 3 3

— Disease related 1(5.6%) 2 (10.5%) 3 2 1

— Total 18 (48.64%) 19 (51.36%) 37

— Sepsis and viral infections 0 (0%) 4(22.2%) 4 2 2

— Chronic disease 2 (14.3%) 4(22.2%) 6 3 3

— Hematologic malignancy 0 (0%) 4(22.2%) 4 2 2

— Coagulopathy 5 (35.7%) 3(16.7%) 8 6 2

- Drug/radiotherapy induced 2 (14.3%) 3(16.7%) 5 2 2 1

— Massive blood loss 5 (35.7%) 0 (0%) 5 3 2

— Total 14 (43.75%) 18 (53.25%) 32

— Sepsis and viral infections 1(100.0%) 3 (42.9%) 4 3 1

— Hematologic malignancy 0 (0%) 2 (28.6%) 2 1 1

- Drug/radiotherapy induced 0 (0%) 2 (28.6%) 2 1 1

— Total 1(12.5%) 7 (87.5%) 8

— Cancer chemotherapy 4 (66.6%) 0 (0%) 4 1 3

- Sepsis/chronic infection 2 (33.3%) 0 (0%) 2 1 1

— Total 6 (100%) 0 (0%) 6

— Hematologic malignancy 0 (0%) 2 (40.0%) 2 1 1

- Drug/radiotherapy induced 0 (0%) 2 (40.0%) 2 1 1

— Sepsis and viral infections 1(100.0%) 1(20.0%) 2 1 1

— Total 1(16.66%) 5(83.34%) 6

thrombocytopenia had relatively higher ICU LOS than patients with normal range (p = 0.033). No significant
relation was seen between the severity of neutropenia and ICU LOS in both discharged and expired patients.

According to multivariate logistic regression analysis and by adjusting for different variables (i.e., age, cause of ICU
admission, hemoglobin amount, leukopenia, neutropenia, lymphopenia, thrombocytopenia and pancytopenia),
only thrombocytopenia could independently predict mortality (OR: 0.485 and p = 0.016).

Discussion

Our results showed that 99.14% of cytopenic patients suffered from anemia and Hgb concentration below the lower
limit of normal was the most common defect in blood cell counts among different types of cytopenia. Anemia is a
common complication in ICU patients; almost 95% of our patients are anemic on day 3 of admission. As discussed
in previous studies, the incidence of anemia and its management can affect the ICU LOS and mortality [29,30].
Culleton et al. followed up 17,030 older adults for 3 years and demonstrated that anemia is associated with a higher
risk of mortality and hospitalization [20]. In patients who are predicted to have a longer duration of ICU stay,
correction of nutritional deficiencies (iron, B12 and B9) must be considered to prevent anemia and consequent
complications. Most of the critically ill patients demonstrate the pattern of anemia of inflammation and they are
less sensitive to erythropoietin [31]. In our study, interventions and responses in anemic patients were not considered
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Table 4. The association between different clinical and demographic variables and overall outcome.

Demographic variable Discharged Expired p-value
Age, years, mean (SD) 50.96 + 18.6 60.93 + 17.4 0.020
Sex (female), N (%) 53 (60.2%) 16 (55.2%) 0.631
Sex (male), N (%) 35 (39.8%) 13 (44.8%) 0.631
Presence of underlying disease, N (%) 75 (85.2%) 26 (89.7%) 0.547
Receiving medication before ICU admission, N (%) 48 (54.5%) 19 (65.5%) 0.3

Clinical variables

Hemoglobin concentration, mg/dl, mean (SD) 9.99 4+ 1.03 9.214+0.9 <0.0001
Incidence of leucopenia, N (%) 1(1.1%) 7 (24.1%) <0.0001
WBC count, mean (SD) 130 + 2.04+1.10 0.661
Incidence of neutropenia, N (%) 1(1.1%) 5(17.2%) 0.004
Neutrophil count, mean (SD) 0.403 0.630 £+ 0.421 0.770
Incidence of lymphopenia, N (%) 16 (21.9%) 16 (55.2%) 0.002
Lymphocyte count, *1000 cells/ul, mean (SD) 0.646 + 0.121 0.581 £+ 0.209 0.552
Incidence of thrombocytopenia, N (%) 14 (15.9%) 18 (62.1%) <0.0001
Platelet count, *1000 cells/ul, mean (SD) 65.50 + 19.54 56.27 + 23.19 <0.0001
Incidence of pancytopenia, N (%) 0 (0%) 6 (20.6%) <0.0001
Reversible anemia, N (%) 7 (8%) 3(10.3%) 0.709
Reversible leucopenia, N (%) 1(12.5%) 3 (37.5%) 0.9
Reversible neutropenia, N (%) 1(100%) 2 (40%) 0.9
Reversible lymphopenia, N (%) 8(21.6%) 1(2.7%) 0.008
Reversible thrombocytopenia, N (%) 6 (18.75%) 2 (6.25%) 0.096
ICU stay anemia, N (%) 7 (8.0%) 4 (13.8%) 0.462
ICU stay leucopenia, N (%) 0 (0%) 4 (57.1%) 0.9

ICU stay neutropenia, N (%) 0 (0%) 3(60.0%) 0.9

ICU stay lymphopenia, N (%) 3(16.7%) 9 (47.4%) 0.079
ICU stay thrombocytopenia, N (%) 5(35.7%) 10 (55.6%) 0.308

ICU: Intensive care unit; SD: Standard deviation; WBC: White blood cell.

but the Hgb level was used as an indicator of prognosis and outcome. Anemia was caused mostly by blood loss
(trauma and surgery) in our patients (52.6%). In this regard, phlebotomy is assumed as a major modifiable cause
in critically ill patients [321. Von Ahsen er a/. examined 96 patients treated in the ICUs for more than 3 days. They
found out that 77% of patients suffered from anemia. Also, it was shown that overt bleeding or diagnostic blood
sampling were not the main causes of anemia in these patients, but, rather, anemia resulted mainly from various
other reasons, such as occult gastrointestinal bleeding and renal replacement therapy 331. It is reported that in severe
traumatic brain injury, anemia (Hgb < 9 g/dl) along with compromised brain tissue oxygen tension is associated
with inappropriate outcomes [34]. We could not detect the benefit of anemia reversibility in patients’ prognosis.

In our study, the patients were classified based on the severity of anemia. The results showed that a lower amount
of Hgb was associated with a longer duration of hospitalization in discharged patients and just the incidence of
anemia, independent of the severity, could affect the outcome in a statistically significant manner. Hgb concentration
was statistically higher in discharged patients in comparison to expired individuals. Rasmussen ez 4/. in their study
showed that there is a relation between anemia (Hgb < 12 g/dl) and mortality in mechanically ventilated chronic
obstructive pulmonary disease patients (35]. In the postoperative setting, the direct association between anemia and
mortality was also observed [36-38]. There was a similar result regarding mortality and LOS with Hgb concentration
of less than 9 g/dl (391.

It has been shown that more than 50% of critically ill patients experience thrombocytopenia during their ICU
stay and 5-20% of these patients suffer from severe thrombocytopenia (platelet counts below 50 x 109/1) (40].
ICU patients usually have several comorbidities that affect platelet hemostasis and make this population prone
to thrombocytopenia. Six major mechanisms have been introduced for thrombocytopenia induction, including
hemodilution, increased platelet consumption, increased platelet destruction, decreased platelet production, im-
proved platelet sequestration and pseudothrombocytopenia (laboratory artifacts) 41]. Defining the most common
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causes of cytopenia in each setting can help clinicians make treatment choices. More than a fourth (27.82%) of
our cytopenic patients suffered from thrombocytopenia. In Levi ez a/l. study [8], sepsis was the most common cause
of thrombocytopenia; however, we found coagulopathy as the main cause (25.0%), followed by chronic diseases
(18.75%), particular drugs or radiotherapy (15.62%) and massive blood loss (15.62%).

Lower platelet count and longer duration of thrombocytopenia lead to higher mortality in ICU. A similar
study in ICU patients found out that more severe thrombocytopenia and lower platelets are associated with a
higher mortality rate. Thus, it can be used as a valuable prognostic marker [11,24,42]. Our results showed that
among all of the variables (incidence, duration and severity of each type of cytopenia), the only incidence of
thrombocytopenia was significantly associated with mortality. Some studies demonstrated that both the incidence
and severity of thrombocytopenia contribute to higher mechanical ventilation requirement and mortality in critically
ill patients [42,43]. Akca ez a/. implicated that late onset thrombocytopenia in ICU leads to higher mortality rates in
comparison to early thrombocytopenia. The patients were categorized into two groups; groups 1 and 2 developed
thrombocytopenia at the first and second weeks of admission, respectively. It was reported that the second group
had a higher mortality rate (9]. Also, another study showed that late onset thrombocytopenia leads to a higher
mortality rate [11). Based on our results, the onset of thrombocytopenia had no significant effect the on overall
outcome.

Near a third (32.17%) of our cohort were lymphopenic. Blood loss (e.g., trauma and surgery) was the main cause
of lymphopenia (59.5%) in the present study. According to a retrospective review of a database of adult patients
requiring ICU admission between 2002 and 2013 in the UK, 78% of patients had lymphopenia at admission and
91% of them developed at least one episode of lymphopenia during ICU stay [18].

Higher duration of lymphopenia can prolong the ICU LOS and negatively affect the outcome. Furthermore,
the incidence of lymphopenia was associated with a higher mortality rate. A higher rate of reversible lymphopenia
was observed among discharged patients. In contrast, prolonged and irreversible lymphopenia can lead to higher
mortality. Lymphopenia developed during ICU-stay could not lead to higher mortality in comparison to that exists
on ICU admission. Vulliamy ez a/. showed that the presence of lymphopenia on ICU admission and its persistence
until day 3 could increase the risk of infection and just persistent lymphopenia, independent of onset, caused higher
mortality [17). Our current study also demonstrated that the longer length of lymphopenia was associated with
increased mortality and ICU LOS. An increase in ICU LOS leads to an elevated overall hospitalization period. Our
findings are consistent with those in which lymphopenia was considered as a predictor for poor outcome in terms
of a longer hospital stay, in-hospital mortality and 1-year mortality after discharge [44].

Lymphopenia and neutrophil-lymphocyte count ratio can predict the possibility of bacteremia and somehow
estimate the inflammation [45]. It has been shown that lymphopenia and an increase in the neutrophil count at the
same time in critically ill patients with a prior history of diabetes is associated with poor prognosis [46]. However,
based on our data, lymphocyte count did not affect mortality and length of stay.

Pancytopenia is related to poor prognosis, as all of pancytopenic patients expired in our study. However; one
cannot make a definite statement in this regard due to the small population size (only 6 patients). All of these
patients were anemic. On the other hand, the most common cause of pancytopenia was probably nutritional
megaloblastic with concurrent iron deficiency [47]. Low doses of methotrexate can induce pancytopenia (48] and
one of our cases had received this medication as an abortive therapy. Therefore, drug-induced pancytopenia is
probable. We had three patients who had received induction therapy for acute myeloid leukemia and their pattern
of cytopenia was compatible with chemotherapy-induced pancytopenia described by other studies [49].

The major strength of our investigation is the comprehensive study of the frequency of different types of
cytopenia, related risk factors and its impact on clinical outcome in critically ill patients in the ICU.

Our study had some limitations which should be considered. We had no access to information before or after
ICU admission. In addition, only random cytopenic patients were evaluated, and we had not the control group
concurrently. Therefore, we cannot report the definite prevalence and also possible risk factors of cytopenia at our
center. This negatively impacts the generalization aspect of the obtained results. The number of neutropenic and
leukopenic patients was too small to detect any probable statistical differences. Thus, further studies with larger
sample sizes are required.

Conclusion
Our results demonstrated that the rate of cytopenia, especially anemia, is relatively high in critically ill patients.
Among all assessed variables, only thrombocytopenia could significantly and independently predict ICU mortality
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in our cohort. Knowing causes of cytopenia and its pattern, helps the clinicians to prevent cytopenia or choose the
best treatment plan for cytopenic patients and reduce the cost imposed on patients and the healthcare system.

Future perspective
Assessing the effect of treatment and efficacy of managements of cytopenia along with determining relevant and
possible risk factors of cytopenia in ICU patients are the era for further studies.

Summary points

e Cytopenia can increase the mortality and intensive care unit length of stay in critically ill patients.

e This study was conducted to evaluate the incidence and pattern of different types of cytopenia in critically ill
patients.

e During a 10 months period, critically ill patients presenting with any kind of cytopenia for more than 2 days were
evaluated.

e Anemia was the most common type of cytopenia in the patients (99.14%), followed by lymphocytopenia
(32.17%), thrombocytopenia (27.82%) and leukopenia (19.13%).

e Mortality rate was significantly higher in patients with anemia (p < 0.0001), thrombocytopenia (p < 0.0001),
leukopenia (p < 0.0001), neutropenia (p = 0.004), lymphopenia (p = 0.002) and pancytopenia (p < 0.0001).

e Knowing causes of cytopenia and its pattern, helps the clinicians to prevent cytopenia or choose the best
treatment plan for cytopenic patients and reduce the cost imposed on patients and the healthcare system.
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