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Abstract

:

Background/Aims: The massive transfusion protocol (MTP) can improve the outcomes of trauma patients with hemorrhagic shock and some patients with non-traumatic hemorrhagic shock. However, no information is available regarding whether MTP can improve the outcomes of acute variceal bleeding (AVB). This study aimed to determine the effects of MTP on the outcomes of patients with AVB. Methods: Consecutive patients (n = 218) with AVB who did not have current malignancy and visited the emergency room between July 2014 and June 2022 were analyzed. 42-day mortality and failure to control the bleeding were compared between patients with and without MTP activation. Additionally, propensity-score matching was conducted. Results: The amount of blood product transfused was higher in the MTP group. The 42-day mortality rate (42.1% vs. 1.5%, p < 0.001) and the rate of failure to control bleeding (36.8% vs. 0.5%, p < 0.001) were significantly higher in those who received blood transfusions by MTP. MTP was an independent factor associated with 42-day mortality in the multivariable-adjusted analysis (HR 21.05; 95% CI 3.07–144.21, p = 0.002, HR 24.04; 95% CI 3.41–169.31, p = 0.001). The MTP group showed consistently higher 42-day mortality and failure to control bleeding in all subgroup analyses, stratified by systolic blood pressure, hemoglobin level, and the model for end-stage liver disease score. The MTP group also showed higher 42-day mortality (42.9% vs. 0%, p = 0.001) and failure to control bleeding (42.9% vs. 0%, p = 0.001) in a propensity score-matched analysis (n = 52). Conclusions: MTP was associated with poor outcomes in patients with AVB. Further studies are needed to see whether MTP can be an option for patients with massive AVB.
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1. Introduction


Acute variceal bleeding (AVB) is one of the fatal complications of liver cirrhosis [1,2]. Despite advances in management and therapy, AVB occurs in approximately half of the cirrhotic patients prior to transplantation, and mortality from each episode of AVB remains high, ranging from 5% to 25% [3,4,5]. The current approach to patients with AVB is a multimodal strategy aimed at controlling acute bleeding, preventing rebleeding, and lowering the 6-week mortality rate. For an AVB episode, endoscopic treatment within the first 12 h of admission [3], short-term administration of prophylactic antibiotics [6], and intravenous infusion of splanchnic vasoactive medications for 5 days is recommended [7]. In particular, limited red blood cell (RBC) transfusion is recommended by starting transfusion when hemoglobin is less than 7 g/dL and maintaining a goal of 7–9 g/dL [8,9].



Massive transfusion is defined as the rapid administration of a significant volume of blood components. The most prevalent definition of massive transfusion in adult patients is transfusion of more than 10 units of packed red blood cells (pRBC) within 24 h or 3 units of pRBC at any time within one hour after recognizing life-threatening hemorrhage [10,11]. The massive transfusion protocol (MTP) includes minimizing the use of crystalloid fluids and early administration of large amounts of blood components, particularly plasma and platelets, to mimic whole blood transfusion and improve coagulation profiles and death rates in trauma patients. It has been shown that the implementation of MTP can improve the outcomes of trauma patients [12,13,14]. There is growing interest in using MTP in non-trauma patients with massive bleeding, with inconsistent reports [15,16]. Acute blood loss and hemodynamic instability can occur in AVBs. However, there is no information on whether MTP can be used to improve the outcomes of patients with AVB. Given that the mortality rate for AVB remains high [3,4,5] and that we are in the era of guidelines emphasizing limited blood transfusion in patients with AVB as several studies have confirmed that limited blood transfusion improves mortality and morbidity when portal hypertension-related bleeding occurs [17,18], it is critical to determine whether administering MTP to patients with AVB would be helpful for improving their survival. In our institution, we have implemented MTP in the emergency room since July 2014, including in non-trauma patients. Herein, we report our experience with MTP in AVB patients.




2. Materials and Methods


2.1. Study Design, Setting, and Participants


This was a single-center retrospective cohort study of AVB patients who did not have current malignancy and visited the Samsung Medical Center emergency room between 1 July 2014 and 30 June 2022. We investigated patients who do not currently have malignant tumors, given that malignant tumors are a large competing risk factor for mortality, and we aimed to investigate causes of death directly related to AVB. In our institution, MTP was implemented in July 2014. We screened 240 consecutive patients with AVB without current malignancy during the study period using electronic medical records. The time interval used to define an AVB episode was 5 days [2]. Varix included both gastric and esophageal varices and varix bleeding was defined based on the results of the endoscopic examination, if blood clots or white nipples appeared on the surface of varices, or if blood was found in the stomach without a potential bleeding focus other than esophageal or gastric varcies [17]. Among them, we excluded patients aged < 18 years (n = 3) and those who refused to provide their medical records for medical purposes (n = 2) since our hospital investigated their intent at the time of their visit. We further excluded 17 patients with early referral to another hospital (n = 7) because of their hometown and follow-up loss (not visited after discharge) (n = 10) since they were unable to assess the study’s result, which included the 42-day mortality rate and the rate of bleeding control failure. Finally, 218 adult patients with AVB without current malignancy were analyzed (Figure 1). This study was approved by the Institutional Review Board of Samsung Medical Center (approval no. 2022-12-058). The requirement to obtain informed consent was waived as we used only de-identified data routinely collected during hospital visits.




2.2. Variables and Measurements


The primary outcome was the 42-day mortality. The secondary outcome was failure to control bleeding, defined by death within 5 days, a 3 g/dL drop in hemoglobin within 24 h after initial hemostasis with endoscopic therapy, and/or failure of endoscopic hemostasis within the first 24 h. Exposure was MTP. The primary indication for massive transfusion was any situation that resulted in acute blood loss and hemodynamic instability. In our institution, when MTP is activated, the blood bank is contacted via a phone or an electronic medical alert system. The MTP calls for a pRBC-to-plasma-to-platelet ratio of 1:1:1. Six units of pRBC, six units of plasma, and six units of platelets, or one unit of plateletpheresis, were released rapidly without cross-matching.



We also collected the following variables by reviewing electronic medical records: age at AVB, gender, cause of liver cirrhosis, initial systolic blood pressure (SBP), initial pulse rate (PR), white blood cell count, hemoglobin count, platelet count, albumin, total bilirubin, aspartate transaminase, alanine transaminase, and model for end stage liver disease (MELD) score. The amount of blood product transfusion was defined as the actual amount of blood transfused within the first 24 h of visiting the emergency room due to AVB in both patients who received and did not receive MTP. The degree of portal vein pressure and advanced cirrhosis in patients was assessed based on the aspartate transaminase to-platelet ratio index (APRI) and the fibrosis 4 (FIB4) index [19,20,21,22].




2.3. Statistical Analysis


Values are presented in the form of median (interquartile range) or frequency (percentage). The baseline characteristics of patients who did or did not receive MTP were compared using the t-test, Mann–Whitney U test, χ2 test, or Fisher’s exact test, as appropriate. Survival was estimated using the Kaplan–Meier method, and the log-rank test was compared between patients who did and did not receive MTP. Prognostic factors were identified using Cox proportional hazards regression analysis performed for the entire study cohort. Multivariable analyses were performed for the whole study cohort using univariable analyses with p values < 0.05. VIF 5.0 was used to evaluate multicollinearity. Subgroup analysis was performed according to the initial hemoglobin count, SBP, and MELD score. Additionally, the propensity score was computed for each patient based on age, gender, initial SBP, MELD score, and albumin level. Propensity matching was performed in a 5:1 ratio using the nearest-neighbor distance without replacement of the propensity score (caliper: 0.25) to select two groups of patients with balanced characteristics. Standardized mean differences were used to diagnose the baseline balance. All values were ≤0.1 after matching. Baseline characteristic analysis of the propensity score-matched cohort was performed considering weights and matched pairs that occurred according to the variable matching ratio [23,24]. All statistical analyses were performed using R version 4.0.3 (Vienna, Austria), and a two-tailed p < 0.05 was considered significant.





3. Results


3.1. Overall Cohort Analysis


Nineteen patients underwent MTP during the study. A comparison of the baseline characteristics between patients who did and did not receive MTP is summarized in Table 1. Patients who received MTP had a lower initial SBP (median: 88 vs. 117 mmHg, p < 0.001) and higher initial PR (median: 107/min vs. 92/min, p = 0.027). Patients who received MTP had lower initial hemoglobin count (mean: 6.96 g/dL vs. 9.06 g/dL, p = 0.001) but higher MELD scores (median: 18 vs. 12, p < 0.001). Meanwhile, there was no difference between the two groups in the ARPI or FIB-4 index. The actual amounts of transfused blood products were higher in the MTP group: red blood cells (median 7 vs. 0, p < 0.001), platelet (median: 6 vs. 0, p < 0.001), and fresh frozen plasma (median: 6 vs. 0, p < 0.001).



The MTP group showed a higher 42-day mortality than the no-MTP group (42.1% vs. 1.5%, p < 0.001) (Table 2, Figure 2A). The failure to control bleeding rate was also higher in the MTP group than in the no-MTP group (36.8% vs. 0.5%, p < 0.001, Table 2). MTP (HR: 35.47; 95% CI: 9.38–134.14, p < 0.001), initial SBP (HR: 0.97; 95% CI: 0.94–0.99, p = 0.006), albumin level (HR: 0.22; 95% CI: 0.1–0.5, p < 0.001), MELD score (HR: 1.13; 95% CI: 1.06–1.2, p < 0.001), and actual amount of transfused blood components (red blood cells [HR: 1.14; 95% CI: 1.09–1.19, p < 0.001], platelets [HR: 1.14; 95% CI: 1.08–1.20, p < 0.001], and fresh frozen plasma [HR: 1.19; 95% CI: 1.13–1.26, p < 0.001]) were associated with 42-day mortality in the univariable analysis (Table 3). Multivariable models were created based on the variables identified as significant in the univariable analysis. As the actual amount of red blood cells transfused and fresh frozen plasma transfused showed multicollinearity, two multivariable models were computed, with one model including red blood cells and platelets and the other model including platelets and fresh frozen plasma (Table 3). In both models, MTP was the only factor associated with 42-day mortality. (HR: 21.05; 95% CI: 3.07–144.21, p = 0.002 and HR: 24.01; 95% CI: 3.41–169.31, p = 0.001).




3.2. Subgroup Analysis


When patients were grouped based on their initial hemoglobin levels (g/dL), the MTP group demonstrated a higher 42-day mortality for those with initial hemoglobin levels < 6 g/dL (40.0% vs. 5.6%, log-rank p = 0.04, Figure 2B) and those with initial hemoglobin levels ≥ 6 g/dL (42.9% vs. 1.1%, log-rank p < 0.001, Figure 2C). When patients were stratified according to initial SBP, the MTP group showed higher 42-day mortality for patients with initial SBP < 100 mmHg (46.2% vs. 3.7%, log-rank p < 0.001, Figure 2D) and for patients with initial SBP ≥ 100 mmHg (33.3% vs. 0.7%, log-rank p < 0.001, Figure 2E). When stratified according to MELD score, the 42-day mortality was higher in the MTP group for patients with MELD score ≥ 13 (47.1% vs. 3.5%, log-rank p < 0.001, Figure 2F). Among patients with a MELD score < 13, only two patients received MTP. The failure to control the bleeding rate was also higher in the MTP group than in the non-MTP group in the subgroups analyzed (Table 2).




3.3. Propensity Score Matched Cohort Analysis


After propensity score matching, 14 patients who received MTP were matched with 38 patients who did not receive MTP (Figure 1). After matching, the majority of the baseline characteristics were balanced, except for the exposure components (Table 1). The actual amount of transfused blood products was higher in the MTP group, including red blood cells (median: 7 vs. 3, p = 0.002), platelet (median: 6 vs. 0, p = 0.020), and fresh frozen plasma (median: 6 vs. 0, p = 0.015). In the propensity score-matched cohort, the 42-day mortality rate (42.9% vs. 0.0%, p = 0.001; Table 2, Figure 3) and failure to control bleeding (42.9% vs. 0.0%, p = 0.001; Table 2) were higher in the MTP group.





4. Discussion


In this study, we found that the 42-day mortality risk increased in AVB patients who received MTP transfusion. The risk of failure to control variceal bleeding (death within 5 days, a 3 g/dL drop in hemoglobin within 24 h, and/or failure of endoscopic hemostasis within the first 24 h) was also higher in AVB patients who received transfusion by MTP. Those who received blood transfusion by MTP were composed of more severely affected patients with hemodynamic instability (lower SBP, higher PR, lower hemoglobin) and those who showed higher MELD scores. Of note, low SBP, low hemoglobin level, and/or MELD score are major predictors of outcomes in AVB [25,26,27]. Hence, we performed a subgroup analysis stratified by SBP, hemoglobin level, and MELD score. In the subgroup analyses, the findings were the same, showing that the MTP group had worse outcomes in all subgroups analyzed. The MTP group also showed an increased risk of 42-day mortality and failure to control variceal bleeding in the propensity score-matched cohort.



To the best of our knowledge, no study has reported the effect of MTP in patients with AVB. However, several studies might explain why MTP was associated with poorer outcomes in the present study. In patients with cirrhosis, blood product transfusion can increase portal pressure [28,29]. Prior studies have shown every 100 mL of blood product transfusion can increase portal pressure by 1.4 ± 0.7 mm of Hg [28,29]. Cirrhotic patients with volume overload have a reduced ability to accommodate fluids after acute volume expansion. These patients might have persistent portal pressure elevation, which can worsen and prolong AVB [9,28]. In addition, several studies confirmed when portal hypertensive-related bleeding occurs, limited transfusion can improve mortality and morbidity [9,30]. In a large randomized clinical trial, patients who received limited blood transfusion (transfusion to maintain 7–9 g/dL when initial hemoglobin was less than 7 g/dL) exhibited a lower mortality rate compared to those who underwent liberal blood transfusion (transfusion when hemoglobin fell below 9 g/dL) (5% vs. 9%, p = 0.02). Specifically, among patients with cirrhosis, the incidence of subsequent bleeding was considerably reduced (10% vs. 18%, p = 0.01) in the restrictive approach group [9], according to a meta-analysis based on the randomized clinical trial. Restrictive transfusion was linked with decreased risk of all-cause mortality (RR 0.65, 95% CI 0.44–0.97, p = 0·03) and overall rebleeding (0.58, 0.40–0.84, p = 0.004) when acute upper gastrointestinal bleeding occurred [30]. In previous clinical studies, fresh frozen plasma, platelet, and pRBC transfusions were associated with poor clinical outcomes in patients with AVB [31,32,33]. Notably, compared to non-variceal bleeders receiving a blood transfusion, variceal bleeders had nearly four-fold higher odds of inpatient mortality [33]. In the present study, the amount of blood products transfused was significantly higher in the MTP group (Table 2). The amount of blood product transfused was also a factor associated with mortality within 42 days in the univariable analysis (Table 3). It is plausible that MTP can result in more blood product transfusions, which might aggravate portal hypertension, resulting in increased risks of hemostasis failure, re-bleeding, and mortality rate. Our findings suggest that MTP should not be applied to patients with AVB, even if they show hemodynamic instability until the benefit of MTP is demonstrated by well-designed clinical trials.



This study had some limitations. As this study was not a randomized controlled trial, careful interpretation is needed. Indication bias (indication for MTP activation) was a significant concern in this study. The indication for MTP activation is acute blood loss with hemodynamic instability. The decision to activate the MTP was at the discretion of the attending physician. During the long study period, many doctors managed patients with AVB. The indication of ‘hemodynamic instability’ is a subjective judgment, which can differ by a doctor. As doctors seeing patients with AVB were unaware of this study, this potential bias was independent and nondifferential. We also performed subgroup and propensity score matching analyses to balance the characteristics of patients with or without MTP activation, but the risk of indication bias cannot be completely eliminated in this retrospective study design. Hence, our findings may need to be validated by other studies preferentially through randomized controlled trials. However, randomized controlled trials of AVB with hemodynamic instability require huge medical resources and may be unrealistic in clinical practice. Hence, our analysis might provide some insights into our daily clinical practice despite several inherent limitations. In addition, this study will be valuable as early evidence that can lead to future randomized controlled trials. Next, the amount of crystalloid fluid, which also has volume effects, may influence the treatment outcome of variceal bleeding. Although we sought to investigate the fluid amount given within the initial 24 h, more than half of the patients did not record it because our study focused on patients who visited the emergency room. Therefore, the fluid dose was not included as an evaluation variable. This is also one of the limitations of retrospective research, and if a randomized controlled trial is undertaken in the future, the amount of crystalloid fluid given should also be thoroughly recorded. In addition, the sample size of this study was relatively small. Only 19 patients with AVB received transfusion by MTP during the study period, with a small number of events (11 patients with primary outcome). This requires attention to the interpretation of the data and resulted in a wide range of confidence intervals in the survival analysis (Table 3). Although we collected important covariables that might be associated with the outcomes of this study, the residual confounding variables may exist. However, considering the established pathophysiology that excessive blood transfusions worsen portal hypertension in cirrhotic patients [28,29] and that our data are consistent with prior randomized clinical trials and meta-analysis that identified the benefits of limited transfusions in AVB patients [9,30], the adverse impact of MTP on prognosis may not be merely coincidental. Additionally, given that just 19 individuals were hospitalized in the emergency room and received EVL or EVO throughout an 8-year period, we cannot expect a high number of samples if we wait longer in a single-center study. Based on the findings of this study, which show that applying MTP in varix patients requires caution, we believe that informing them sooner rather than waiting a long time to collect further samples can help improve the prognosis of varix patients. Future multicenter studies with a large number of samples are needed. To the best of our knowledge, this study is the first to evaluate the impact of MTP on AVB, and it will serve as the groundwork for future multicenter studies, large-scale randomized clinical trials, or meta-analyses. Lastly, this study was performed on Korean patients at a single academic institution. Therefore, an external validation is required.



In summary, we did not observe any potential benefits of the MTP. These data call for attention when implementing MTP in patients with AVB. Given the observational nature of this study, further studies are necessary to determine whether MTP can be a treatment option for patients with massive AVB.
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Figure 1. Study population diagram. MTP, massive transfusion protocol; EVL, endoscopic variceal ligation; EVO, endoscopic variceal obliteration; SBP, systolic blood pressure; MELD, model for end stage liver disease. 
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Figure 2. Kaplan-Meier curves of cumulative probability of 42-day mortality in patients receiving MTP compared to those who did not receive MTP. (A) Whole cohort, (B) Hb < 6.0 g/dL in the whole cohort, (C) Hb ≥ 6.0 g/dL in the whole cohort, (D) SBP < 100 mmHg in the whole cohort, (E) SBP ≥ 100 mmHg in the whole cohort, (F) MELD ≥ 13 in the whole cohort. MTP = massive transfusion protocol; Hb = hemoglobin; SBP = systolic blood pressure; MELD = model for end-stage liver disease. 
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Figure 3. Kaplan-Meier curves of cumulative probability of 42-day mortality in patients receiving MTP compared to those who did not receive MTP in the matched cohort. MTP, massive transfusion protocol. 
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Table 1. Baseline characteristics of study subjects.
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Whole Cohort

	
Propensity Score Matched Cohort




	

	
MTP (n = 19)

	
Non-MTP (n = 199)

	
p-Value

	
MTP (n = 14)

	
Non-MTP (n = 38)

	
p-Value






	
Male gender, n (%)

	
12 (63.2)

	
127 (63.8)

	
0.95

	
9 (64.3)

	
22 (58.9)

	
0.71




	
Age (years)

	
53.4 ± 12.6

	
56.3 ± 12.7

	
0.35

	
52.6 ± 11.4

	
52.4 ± 9.6

	
0.95




	
Etiology, n (%)

	

	

	
0.79

	

	

	
0.84




	
  Alcohol

	
8 (42.1)

	
68 (34.2)

	

	
6 (42.9)

	
20 (51.4)

	




	
  Viral hepatitis (Hepatitis B virus, Hepatitis C virus)

	
6 (31.6)

	
70 (35.2)

	

	
4 (28.6)

	
11 (28.2)

	




	
  Others

	
5 (26.3)

	
61 (30.7)

	

	
4 (28.6)

	
8 (20.4)

	




	
Clinical parameters at presentation

	

	

	

	

	

	




	
  Initial SBP (mmHg)

	
88 (62–101)

	
117 (98–129)

	
<0.001

	
88 (67–99)

	
91 (83–103)

	
0.48




	
  Initial PR (/min)

	
107 (88–121)

	
92 (79–107)

	
0.027

	
104(83–109)

	
95 (81–110)

	
0.33




	
Laboratory values

	

	

	

	

	

	




	
  White blood cell count (×103/uL)

	
9.98 (7.13–11.40)

	
6.53 (4.41–9.54)

	
0.012

	
10.10 (6.18–11.96)

	
8.55 (6.18–10.97)

	
0.66




	
  Hemoglobin count (g/dL)

	
6.96 ± 2.3

	
9.06 ± 2.49

	
0.001

	
7.34 ± 2.35

	
7.38 ± 2.20

	
0.95




	
  Platelet count (×103/uL)

	
83 (51–136)

	
92 (63–127)

	
0.81

	
83 (47–145)

	
99 (69–115)

	
0.72




	
  Albumin (g/dL)

	
2.4 (1.8–3.1)

	
3.4 (2.9–3.8)

	
<0.001

	
2.4 (2.3–3.0)

	
2.6 (2.3–3.0)

	
0.95




	
  Total bilirubin (mg/dL)

	
1.5 (0.8–3.0)

	
1.6 (0.9–2.7)

	
0.94

	
1.5 (0.7–3.0)

	
2.6 (1.4–4.7)

	
0.27




	
  Aspartate transaminase (U/L)

	
48 (27–83)

	
37 (27–65)

	
0.48

	
38 (27–65)

	
59 (34–82)

	
0.27




	
  Alanine transaminase (U/L)

	
21 (14–29)

	
26 (18–37)

	
0.14

	
18 (13–28)

	
23 (18–31)

	
0.43




	
  MELD score

	
18 (14–22)

	
12 (9–16)

	
<0.001

	
16 (13–21)

	
17 (13–23)

	
0.77




	
  APRI

	

	

	
0.99

	

	

	
0.24




	
  ≤1.0

	
8 (42.1)

	
84 (42.2)

	

	
7 (50.0)

	
11 (30.4)

	




	
  >1.0

	
11 (57.9)

	
115 (57.8)

	

	
7 (50.0)

	
27 (69.6)

	




	
  FIB-4

	

	

	
0.99

	

	

	
0.21




	
  ≤3.25

	
7 (36.8)

	
68 (34.2)

	

	
5 (35.7)

	
7 (17.5)

	




	
  >3.25

	
12 (63.2)

	
131 (65.8)

	

	
9 (64.3)

	
31 (82.5)

	




	
Blood product transfusion

	

	

	

	

	

	




	
  Red blood cell (Unit)

	
7 (3–11)

	
0 (0–2)

	
<0.001

	
7 (3–11)

	
3 (1–3)

	
0.002




	
  Platelet (Unit)

	
6 (0–12)

	
0 (0–0)

	
<0.001

	
6 (0–12)

	
0 (0–5)

	
0.020




	
  Fresh frozen plasma (Unit)

	
6 (2–12)

	
0 (0–0)

	
<0.001

	
6 (1–12)

	
0 (0–3)

	
0.015








Values are presented in the form of median (interquartile range) or frequency (percentage). MTP = massive transfusion protocol; SBP = systolic blood pressure; PR = pulse rate; MELD = model for end-stage liver disease; APRI = aspartate transaminase to-platelet ratio index; FIB-4 = fibrosis 4.













 





Table 2. Death within 42 days and failure to control bleeding according to massive transfusion protocol activation.
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Death within 42-Days

	
Failure to Control Bleeding




	

	
MTP

n = 19 (8.7%)

	
Non-MTP

n = 199 (91.3%)

	
p-Value

	
MTP

n = 19 (8.7%)

	
Non-MTP

n = 199 (91.3%)

	
p-Value






	
Overall cohort (n = 218)

	
8 (42.1%)

	
3 (1.5%)

	
<0.001

	
7 (36.8%)

	
1 (0.5%)

	
<0.001




	
Subgroup analysis

	

	

	

	

	

	




	
  Hemoglobin <6 g/dL (n = 23)

	
2 (40.0%)

	
1 (5.6%)

	
0.11

	
1 (20.0%)

	
0 (0.0%)

	
0.22




	
  Hemoglob