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 Abstract 
Background: 
Anemia is highly prevalent among critically ill patients, and red cell concentrate 
(RCC) transfusion is frequently used in the intensive care unit, although the 
hemoglobin response remains variable. This study aimed to evaluate the influence 
of donor component characteristics and recipient clinical factors on hemoglobin 
increment following RCC transfusion in ICU patients at a resource-limited 
tertiary care hospital in Pakistan. This will provide context-specific evidence to 
optimize transfusion practices and improve patient blood management in critically 
ill populations. 
Materials and Methods: 
This prospective observational cohort study was conducted in an adult intensive 
care unit at Federal Government Polyclinic Hospital, Islamabad, from September 
2024 to February 2025, enrolling 150 patients who received red cell concentrate 
(RCC) transfusion and had standardized pre- and post-transfusion hemoglobin 
measurements. Recipient clinical variables and donor/component characteristics 
were collected prospectively, and hemoglobin increment at 24 hours was analyzed 
using univariable and multivariable regression models. All data was entered and 
calculated using SPSS version 23.0. The statistical significance set at p ≤ 0.05. 
Results: 
Among 150 ICU patients receiving a single unit of red cell concentrate, the mean 
hemoglobin increment at 24 hours was 0.96 ± 0.42 g/dL, with substantial 
interpatient variability. Fresher blood (≤14 days), Rh-positive units, younger donor 
age, and absence of active bleeding were associated with significantly greater 
hemoglobin increments, while donor sex, sepsis, and vasopressor use were not. On 
multivariable analysis, active bleeding, higher pre-transfusion hemoglobin, 
increasing storage duration, donor age, and Rh status independently predicted 
hemoglobin response. 
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Conclusion: 
Hemoglobin response to red cell concentrate transfusion in ICU patients is 
influenced by recipient and donor factors, including active bleeding, baseline 
hemoglobin, storage duration, donor age, and Rh status. Recognizing these 
determinants can optimize transfusion decisions and blood utilization, especially 
in resource-limited settings. 

 
INTRODUCTION
Anemia is a common finding among critically ill 
patients and is frequently encountered during 
intensive care unit (ICU) admission.1 It results 
from a combination of factors, including acute 
blood loss, hemodilution, inflammation-
mediated suppression of erythropoiesis, 
nutritional deficiencies, and frequent 
phlebotomy.2 As anemia has been associated with 
impaired oxygen delivery and adverse clinical 
outcomes, red cell concentrate (RCC) transfusion 
remains one of the most commonly performed 
therapeutic interventions in the ICU setting.3 

Despite its widespread use, the clinical response 
to RCC transfusion, particularly the expected rise 
in hemoglobin concentration, varies considerably 
among critically ill patients.4 Conventionally, 
transfusion of one unit of RCC is expected to 
increase hemoglobin by approximately 1 g/dL in 
stable adults; however, this assumption is often 
unreliable in ICU populations.5 Multiple 
physiological and pathological factors unique to 
critical illness, such as ongoing blood loss, fluid 
shifts, capillary leak, inflammation, and altered 
red cell survival, may attenuate the hemoglobin 
increment following transfusion.6 Consequently, 
understanding the determinants of transfusion 
efficacy has become an area of growing clinical 
interest. 
Both recipient-related factors and donor or blood 
component characteristics have been proposed to 
influence post-transfusion hemoglobin response.7 
Recipient factors such as baseline hemoglobin 
concentration, active bleeding, sepsis, vasopressor 
use, and severity of illness may affect red cell 
distribution and survival. In parallel, donor-
related variables including donor age, sex, blood 
group, and storage duration of RCC units have 
been increasingly studied for their potential 
impact on transfusion outcomes.4,7 Prolonged 
storage of red blood cells has been associated 

with biochemical and structural changes, 
collectively termed “storage lesions,” which may 
impair red cell deformability, reduce post-
transfusion survival, and limit effective 
hemoglobin increment.8 

Several studies from high-income countries have 
examined the relationship between storage 
duration and clinical outcomes, including 
hemoglobin increment, transfusion 
requirements, and mortality, with mixed results.9 
While some investigations have demonstrated 
reduced hemoglobin response with older stored 
blood, others have failed to show clinically 
meaningful differences.10 Similarly, emerging 
evidence suggests that donor characteristics such 
as age and sex may influence red cell quality and 
post-transfusion performance, although data 
remain limited and inconsistent.7,11 Importantly, 
most of the available literature originates from 
well-resourced healthcare systems with 
standardized transfusion practices, leukoreduced 
blood products, and strict inventory 
management, limiting the generalizability of these 
findings to low- and middle-income countries.8,12 

In resource-limited settings such as Pakistan, 
transfusion practices differ substantially due to 
constraints in blood supply, storage 
infrastructure, and routine component 
modification.13 Blood products are often 
transfused based on availability rather than 
optimal donor or storage characteristics, and 
routine leukoreduction is not universally 
practiced.14 Furthermore, critically ill patients in 
such settings frequently present with advanced 
disease, delayed access to care, and higher 
prevalence of active bleeding and sepsis all of 
which may further influence transfusion 
efficacy.15,16 Despite the high burden of critical 
illness and frequent use of blood transfusion in 
ICUs across Pakistan, local data evaluating the 
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determinants of hemoglobin increment following 
RCC transfusion are scarce. 
Understanding how donor component variables 
and recipient clinical characteristics affect 
hemoglobin response in critically ill patients is 
essential for optimizing transfusion practices, 
minimizing unnecessary transfusions, and 
improving patient outcomes particularly in 
environments where blood is a limited and costly 
resource.4 Quantifying the expected hemoglobin 
increment under real-world ICU conditions can 
assist clinicians in making evidence-based 
transfusion decisions and may contribute to more 
rational utilization of blood products. 
The present study was therefore designed to 
evaluate the effect of donor component 
characteristics and recipient clinical factors on 
hemoglobin increment following RCC 
transfusion in ICU patients. By systematically 
analyzing both donor- and recipient-related 
variables in a resource-limited tertiary care 
hospital in Pakistan, this study aims to provide 
context-specific evidence that may inform 
transfusion strategies and contribute to improved 
patient blood management in critically ill 
populations. 
 
MATERIALS AND METHODS: 
This prospective observational cohort study was 
conducted in the adult intensive care unit (ICU) 
at the Department of Medicine, at Federal 
Government Polyclinic Hospital, (FGPC) 
Islamabad after approval by the Institutional 
Ethics Committee. All data were anonymized to 
maintain participant confidentiality. The study 
was carried out over a period of 6 months from 
September 2024 to February 2025. Adult patients 
aged 18 years or older who received at least one 
unit of red cell concentrate (RCC) during their 
ICU stay were screened for eligibility.  
Patients were included if a pre-transfusion 
hemoglobin measurement was available within 6 
hours prior to transfusion and a post-transfusion 
hemoglobin measurement was obtained at 24 ± 6 
hours following completion of transfusion. 
Patients receiving massive transfusion (defined as 
≥4 units of RCC within 6 hours), exchange 
transfusions, intraoperative transfusions, or 

extracorporeal support, as well as those with 
documented hemolytic transfusion reactions or 
incomplete donor or laboratory data, were 
excluded. In patients who received multiple 
transfusions during a single ICU admission, only 
the first transfusion event was included in the 
primary analysis. 
All RCC units were issued by the institutional 
blood bank in accordance with standard 
transfusion protocols and were ABO and Rh 
compatible. Units were stored at 2–6°C and 
transfused within the licensed storage period. 
Each unit was transfused over 2–4 hours under 
standard monitoring procedures. 
Recipient demographic and clinical data were 
collected prospectively at the time of transfusion 
and included age, sex, ICU diagnosis, pre-
transfusion hemoglobin concentration, presence 
of active bleeding, vasopressor support, sepsis, 
and renal failure. Active bleeding was defined as 
clinically documented ongoing blood loss or the 
requirement for hemostatic intervention at the 
time of transfusion. Sepsis was defined according 
to Sepsis-3 criteria. Donor and component 
characteristics were obtained from blood bank 
records and included donor age, donor sex, Rh 
status, storage duration of the RCC unit (days 
from donation to transfusion), and unit volume. 
All donor identifiers were anonymized prior to 
data analysis. 
Hemoglobin concentration was measured in the 
hospital laboratory, with routine quality control 
procedures performed daily. The primary 
outcome was the absolute hemoglobin 
increment, calculated as the difference between 
post-transfusion and pre-transfusion hemoglobin 
concentrations, measured at 24 hours following 
RCC transfusion. 
Data were entered and analyzed using IBM SPSS 
Statistics version 23. Continuous variables were 
assessed for normality and expressed as mean ± 
standard deviation or median with interquartile 
range as appropriate, while categorical variables 
were expressed as frequencies and percentages. 
Comparisons of hemoglobin increment between 
groups were conducted using the independent 
samples t-test or Mann–Whitney U test, as 
appropriate. Multivariable linear regression 
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analysis was performed to identify independent 
predictors of hemoglobin increment, with 
inclusion of clinically relevant recipient, donor, 
and component variables, including pre-
transfusion hemoglobin, active bleeding, storage 
duration, donor age, donor Rh status, unit 
volume, vasopressor use, and sepsis. Regression 
coefficients (β), 95% confidence intervals, and p-
values were reported, and model performance 
was assessed using the coefficient of 
determination (R²). A p-value of less than 0.05 
was considered statistically significant. 
 
RESULTS: 
A total of 150 ICU patients receiving a single 
unit of red cell concentrate (RCC) were included 

in the analysis. Baseline recipient and donor 
characteristics are summarized in Table 1. The 
mean age of recipients was 55 ± 18 years, and 
60.0% were male. The mean pre-transfusion 
hemoglobin concentration was 8.0 ± 1.5 g/dL. 
Active bleeding at the time of transfusion was 
documented in 25.3% of transfusion events, 
while 40.0% of patients had sepsis and 30.0% 
required vasopressor support. 
Donor characteristics demonstrated a 
predominance of male donors (80.0%), with a 
mean donor age of 32 ± 10 years. The majority of 
transfused units were Rh-positive (80.0%), and 
the median storage duration was 14 days (IQR 8–
22). 
 

 
Table 1. Baseline recipient and donor characteristics of the study population (n = 150) 
CHARACTERISTIC VALUE 
Recipient characteristics 
Age, years (mean ± SD) 55 ± 18 
Male sex, n (%) 90 (60.0) 
Pre-transfusion hemoglobin, g/dL (mean ± SD) 8.0 ± 1.5 
Active bleeding at transfusion, n (%) 38 (25.3) 
Vasopressor support, n (%) 45 (30.0) 
Sepsis at time of transfusion, n (%) 60 (40.0) 
Renal failure, n (%) 30 (20.0) 
Donor and component characteristics 
Donor age, years (mean ± SD) 32 ± 10 
Male donor, n (%) 120 (80.0) 
Rh-positive units, n (%) 120 (80.0) 
Storage duration, days (median [IQR]) 14 [8–22] 
Unit volume, mL (mean ± SD) 320 ± 25 
 
Overall, the mean hemoglobin increment at 24 
hours following transfusion was 0.96 ± 0.42 
g/dL. Variability in hemoglobin response was 
observed across both donor and recipient 
characteristics (Table 2). 
Transfusion of RCC units stored for ≤14 days 
resulted in a significantly higher hemoglobin 
increment compared with units stored for >14 
days (1.07 ± 0.39 g/dL vs 0.84 ± 0.41 g/dL; p = 
0.002). Similarly, units from donors aged ≤30 
years were associated with a greater hemoglobin 
increment than those from donors aged >30 years  
 

 
(1.04 ± 0.40 g/dL vs 0.90 ± 0.43 g/dL; p = 
0.031). 
Recipients transfused with Rh-positive units 
demonstrated a modest but statistically significant 
increase in hemoglobin increment compared 
with Rh-negative units (1.00 ± 0.41 g/dL vs 0.83 
± 0.44 g/dL; p = 0.041). 
Active bleeding at the time of transfusion had the 
most pronounced effect on hemoglobin response. 
Patients with active bleeding experienced a 
significantly lower hemoglobin increment 
compared with non-bleeding patients (0.62 ± 
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0.36 g/dL vs 1.07 ± 0.38 g/dL; p < 0.001) as 
shown in figure 1. 
No statistically significant differences in 
hemoglobin increment were observed with 

respect to donor sex, vasopressor support, or 
presence of sepsis at the time of transfusion. 
 

 
Table 2: Hemoglobin increment at 24 hours according to donor and recipient characteristics 

VARIABLE CATEGORY 
HEMOGLOBIN INCREMENT 
(g/dL), Mean ± SD 

p-VALUE* 

Storage duration 
≤14 days (n = 82) 1.07 ± 0.39 

0.002 
>14 days (n = 68) 0.84 ± 0.41 

Donor age 
≤30 years (n = 65) 1.04 ± 0.40 

0.031 
>30 years (n = 85) 0.90 ± 0.43 

Donor Rh status 
Rh-positive (n = 120) 1.00 ± 0.41 

0.041 
Rh-negative (n = 30) 0.83 ± 0.44 

Active bleeding 
Yes (n = 38) 0.62 ± 0.36 

<0.001 
No (n = 112) 1.07 ± 0.38 

Donor sex Male vs Female 0.99 ± 0.42 vs 0.88 ± 0.40 0.090 

Vasopressor support Yes vs No 0.90 ± 0.44 vs 0.99 ± 0.40 0.210 

Sepsis Yes vs No 0.93 ± 0.43 vs 0.98 ± 0.41 0.370 

* p ≤ 0.05 was considered statistically significant. 
 

 
Figure 1: Mean hemoglobin increment following red cell concentrate transfusion according to donor 

component and recipient characteristics 
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Results of the multivariable linear regression 
analysis are presented in Table 3. After 
adjustment for recipient and donor factors, 
several variables remained independently 
associated with hemoglobin increment. 
Higher pre-transfusion hemoglobin 
concentration was inversely associated with post-
transfusion hemoglobin increment (β = −0.08 
g/dL per 1 g/dL increase; 95% CI −0.13 to 
−0.03; p = 0.002). Active bleeding was 
independently associated with a substantial 
reduction in hemoglobin increment (β = −0.39 
g/dL; 95% CI −0.52 to −0.25; p < 0.001). 
Increasing storage duration of RCC units was 
associated with a progressive decrease in 
hemoglobin increment (β = −0.002 g/dL per 

day; 95% CI −0.004 to −0.001; p = 0.004). 
Donor age also demonstrated a small but 
statistically significant inverse association with 
hemoglobin response (β = −0.003 g/dL per year; 
95% CI −0.006 to −0.001; p = 0.028). 
Transfusion of Rh-positive units was 
independently associated with a higher 
hemoglobin increment compared with Rh-
negative units (β = +0.12 g/dL; 95% CI 0.01 to 
0.23; p = 0.036). Unit volume, vasopressor use, 
and sepsis were not independently associated 
with hemoglobin increment after adjustment. 
The final multivariable model explained 42% of 
the variance in hemoglobin increment (R² = 
0.42). 
 

 
Table 3. Multivariable linear regression analysis of factors associated with hemoglobin increment 

VARIABLE 
β COEFFICIENT 
(g/dL) 

95% CONFIDENCE 
INTERVAL 

p-VALUE* 

Pre-transfusion hemoglobin (per 
1 g/dL increase) 

−0.08 −0.13 to −0.03 0.002 

Active bleeding (yes vs no) −0.39 −0.52 to −0.25 <0.001 

Storage duration (per day 
increase) 

−0.002 −0.004 to −0.001 0.004 

Donor age (per year increase) −0.003 −0.006 to −0.001 0.028 

Rh-positive unit (vs Rh-negative) +0.12 +0.01 to +0.23 0.036 

Unit volume (per 10 mL 
increase) 

+0.01 −0.01 to +0.03 0.270 

Vasopressor support −0.05 −0.17 to +0.07 0.410 

Sepsis −0.04 −0.15 to +0.07 0.480 

* p ≤ 0.05 was considered statistically significant. 
 
DISCUSSION: 
In this prospective observational study of 
critically ill patients, we demonstrate that the 
hemoglobin increment following red cell 
concentrate (RCC) transfusion is highly variable 
and is independently influenced by both 
recipient-related and donor component 
characteristics. Although the mean hemoglobin  

 
 
increment in our cohort approximated the 
conventionally expected 1 g/dL, substantial 
heterogeneity was observed across clinical 
subgroups. These findings support previous 
observations that the traditional assumption of a 
predictable hemoglobin rise following transfusion 
is frequently unreliable in ICU populations, 
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particularly in the presence of ongoing 
physiological derangements and blood 
component variability.17,18 

Active bleeding showed the strongest 
independent association with reduced 
hemoglobin increment in our cohort, with 
bleeding patients experiencing a markedly 
attenuated post-transfusion hemoglobin rise 
compared with non-bleeding patients. This 
finding is consistent with the work of Yadav et 
al., who reported that ongoing blood loss and 
hemodilution substantially diminish transfusion 
efficacy in critically ill patients.19 Similarly, 
Hébert et al. demonstrated that patients 
transfused during active hemorrhage often fail to 
achieve the expected hemoglobin increment due 
to continued losses and redistribution effects.3 In 
resource-limited settings, where delayed 
hemostatic interventions and higher transfusion 
thresholds may be common, this phenomenon 
may be further magnified, emphasizing the 
importance of addressing bleeding sources prior 
to transfusion. 
Baseline hemoglobin concentration was inversely 
associated with post-transfusion hemoglobin 
increment in our multivariable analysis, 
indicating that patients transfused at higher 
hemoglobin levels derive a smaller measurable 
benefit from RCC transfusion. This observation 
aligns with findings by Roubinian et al., who 
reported that transfusions administered at lower 
baseline hemoglobin concentrations resulted in 
significantly greater hemoglobin rises, likely 
reflecting dilutional and physiological ceiling 
effects at higher hemoglobin levels.18 These data 
lend further support to restrictive transfusion 
strategies recommended by contemporary 
guidelines and reinforce the limited utility of 
transfusion at near-normal hemoglobin 
concentrations in critically ill patients. 
Storage duration of RCC units emerged as an 
independent determinant of hemoglobin 
response in our study, with longer-stored blood 
associated with a significantly reduced 
hemoglobin increment. This finding is 
biologically plausible and consistent with the 
well-described red blood cell “storage lesion,” 
which encompasses progressive biochemical and 

structural changes during storage, including 
membrane loss, reduced deformability, oxidative 
damage, and impaired microvascular flow.8 
Clinical evidence regarding the impact of storage 
duration on outcomes has been mixed. 
Systematic review summarized by Shah et al. 
failed to demonstrate consistent differences in 
major clinical outcomes.20 Our findings suggest 
that while storage duration may not uniformly 
affect mortality, it may meaningfully influence 
transfusion efficiency as reflected by hemoglobin 
increment, an outcome of particular relevance in 
blood-limited settings. 
Donor age was also independently associated 
with hemoglobin increment in our cohort, with 
increasing donor age correlating with a modest 
reduction in transfusion response. Mykhailova et 
al. demonstrated that donor age significantly 
influences the rheological properties of stored red 
blood cells, with units from younger donors 
exhibiting superior deformability and storage 
resilience.21 Roubinian et al. showed no 
significant differences in hemoglobin increments 
related to donor age.18 These biological 
differences may plausibly translate into improved 
post-transfusion survival and hemoglobin 
increment, as observed in our cohort. 
Transfusion of Rh-positive units was associated 
with a higher hemoglobin increment compared 
with Rh-negative units. While Rh status itself has 
not been consistently identified as a determinant 
of transfusion efficacy, this association may 
reflect indirect factors such as donor pool 
composition, unit availability, or differences in 
storage duration rather than a direct 
immunohematological effect. Roubinian et al. 
showed positive donor or recipient Rh-D status 
was associated with larger hemoglobin 
increments compared with negative Rh-D status 
(P < .001).18 

Markers of critical illness severity, including 
sepsis and vasopressor use, were not 
independently associated with hemoglobin 
increment after adjustment for confounding 
variables. Although sepsis has been linked to 
altered red cell survival and microcirculatory 
dysfunction, prior studies, failed to demonstrate a 
consistent independent effect of sepsis on 
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immediate post-transfusion hemoglobin 
response.18  
The implications of these findings are particularly 
relevant in resource-limited settings such as 
Pakistan, where transfusion practices are 
constrained by blood availability, limited 
inventory control, and lack of routine 
leukoreduction. Studies by Waheed U and 
Mahmood et al. have highlighted systemic 
challenges in transfusion services across Pakistan, 
including reliance on available rather than 
optimal blood components and variability in 
storage practices.13,22 In such environments, 
identifying factors that most strongly influence 
transfusion efficacy is essential to optimize blood 
utilization, minimize unnecessary transfusions, 
and reduce exposure to potential transfusion-
related complications. 
Several limitations merit consideration. The 
single-center design may limit generalizability, 
and residual confounding cannot be excluded. 
Only ICU patients were included and 
hemoglobin increment in ward settings was not 
evaluated. Additionally, post-transfusion 
hemoglobin was measured at a single time point, 
and longer-term red cell survival was not assessed. 
 
CONCLUSION: 
Hemoglobin increment following RCC 
transfusion in ICU patients is determined by a 
complex interplay of recipient, donor, and 
component factors. Active bleeding, baseline 
hemoglobin concentration, storage duration, 
donor age, and Rh status independently 
influence post-transfusion hemoglobin response. 
Recognition of these factors may improve 
transfusion decision-making and resource 
utilization, particularly in settings with limited 
blood supply. 
 
REFERENCES: 
Corwin HL. Anemia and blood transfusion in 

the critically ill patient: role of 
erythropoietin. Crit Care. 2004;8 Suppl 
2(Suppl 2):S42-4. 

 
 
 

Rawal G, Kumar R, Yadav S, Singh A. Anemia in 
Intensive Care: A Review of Current 
Concepts. J Crit Care Med (Targu Mures). 
2016 Aug 10;2(3):109-114. doi: 
10.1515/jccm-2016-0017. 

Hébert PC, Wells G, Blajchman MA, Marshall J, 
Martin C, Pagliarello G, Tweeddale M, 
Schweitzer I, Yetisir E. A multicenter, 
randomized, controlled clinical trial of 
transfusion requirements in critical care. 
Transfusion Requirements in Critical Care 
Investigators, Canadian Critical Care 
Trials Group. N Engl J Med. 1999 Feb 
11;340(6):409-17. 

Carson JL, Terrin ML, Noveck H, Sanders DW, 
Chaitman BR, Rhoads GG, et al. Liberal 
or restrictive transfusion in high-risk 
patients after hip surgery. N Engl J Med. 
2011 Dec 29;365(26):2453-62. 

Kashefi P, Rahmani A, Khalifesoltani M. 
Changes in the hemoglobin level after one 
unit of packed red blood cell transfusion 
in Intensive Care Unit patients. J Res Med 
Sci. 2018;23:85. 

Hayden SJ, Albert TJ, Watkins TR, Swenson ER. 
Anemia in critical illness: insights into 
etiology, consequences, and management. 
Am J Respir Crit Care Med. 2012 May 
15;185(10):1049-57. 

Chassé M, Tinmouth A, English SW, Acker JP, 
Wilson K, Knoll G, et al. Association of 
Blood Donor Age and Sex With Recipient 
Survival After Red Blood Cell Transfusion. 
JAMA Intern Med. 2016 Sep 
1;176(9):1307-14. 

Yoshida T, Prudent M, D'alessandro A. Red 
blood cell storage lesion: causes and 
potential clinical consequences. Blood 
Transfus. 2019 Jan;17(1):27-52. 

Heddle NM, Cook RJ, Arnold DM, Liu Y, Barty 
R, Crowther MA, et al. Effect of Short-
Term vs. Long-Term Blood Storage on 
Mortality after Transfusion. N Engl J Med. 
2016 Nov 17;375(20):1937-1945. 

 
 
 



 
Volume 3, Issue 3, 2025 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                            | Zia et al., 2025 | Page 1428 

Koch CG, Li L, Sessler DI, Figueroa P, Hoeltge 
GA, Mihaljevic T, Blackstone EH. 
Duration of red-cell storage and 
complications after cardiac surgery. N Engl 
J Med. 2008 Mar 20;358(12):1229-39. 

Alshalani A, Uhel F, Cremer OL, Schultz MJ, de 
Vooght KMK, van Bruggen R, et al. 
Donor-recipient sex is associated with 
transfusion-related outcomes in critically ill 
patients. Blood Adv. 2022 Jun 
14;6(11):3260-3267. 

Tissot JD, Bardyn M, Sonego G, Abonnenc M, 
Prudent M. The storage lesions: from past 
to future. Transfusion Clinique et 
Biologique. 2017 Sep 1;24(3):277-84. 

Waheed U. Transfusion Medicine Research in 
Pakistan: Addressing Challenges and 
Solutions with Pragmatism. Annals of 
PIMS-Shaheed Zulfiqar Ali Bhutto Medical 
University. 2024 Nov 20;20(Suppl. 2):873-
8. 

Ministry of National Health Services, Regulations 
& Coordination, Government of Pakistan. 
The National Blood Transfusion & Blood 
Products Policy Pakistan 2025-30 
[Internet]. Islamabad: NHSRC; 2025 [cited 
2025 Dec 19]. Available from: 
https://www.nhsrc.gov.pk/SiteImage/Dow
nloads/Updated%20National%20Blood%
20Transfusion%20and%20Blood%20Prod
u_251106_151555.pdf 

Kashyap R, Hache-Marliere M, Gavrilovic S, 
Gajic O. Improving outcomes for the 
critically ill in developing countries: what is 
next? Rev Bras Ter Intensiva. 2015 Oct-
Dec;27(4):312-4. 

Khan MA, Shahbaz H, Noorali AA, Ehsan AN, 
Zaki M, Asghar F, Hassan MM, Arshad 
HM, Sohaib M, Asghar MA, Khan MF. 
Disparities in adult critical care resources 
across Pakistan: findings from a national 
survey and assessment using a novel 
scoring system. Critical Care. 2022 Jul 
11;26(1):209. 

 
 
 

Shah P, Shrestha M, Rajbhandari A, Khadgi R, 
Chand P. Increment in hemoglobin and 
hematocrit levels after blood transfusion in 
a tertiary care hospital. Journal of 
Pathology of Nepal. 2022 Sep 
30;12(2):1927-30. 

Roubinian NH, Plimier C, Woo JP, Lee C, 
Bruhn R, Liu VX, et al. Effect of donor, 
component, and recipient characteristics 
on hemoglobin increments following red 
blood cell transfusion. Blood. 2019 Sep 
26;134(13):1003-1013. 

Yadav SK, Hussein G, Liu B, Vojjala N, Warsame 
M, El Labban M, et al. A Contemporary 
Review of Blood Transfusion in Critically 
Ill Patients. Medicina (Kaunas). 2024 Jul 
31;60(8):1247. 

Shah A, Brunskill SJ, Desborough MJ, Doree C, 
Trivella M, Stanworth SJ. Transfusion of 
red blood cells stored for shorter versus 
longer duration for all conditions. 
Cochrane Database Syst Rev. 2018 Dec 
22;12(12):CD010801. 

Mykhailova O, Brandon-Coatham M, 
Hemmatibardehshahi S, Yazdanbakhsh M, 
Olafson C, Yi QL, et al. Donor age 
contributes more to the rheological 
properties of stored red blood cells than 
donor sex and biological age distribution. 
Blood Adv. 2025 Feb 25;9(4):673-686. 

Mahmood A, Afzal Khan N, Ishfaq M, Rahim F, 
Gul H, Irfan M, Atta A, Shah M, Amin S, 
Noor M. Where Do We Stand in Blood 
Transfusion Practices: Insights From the 
First Clinical Audit From Khyber 
Pakhtunkhwa, Pakistan. Cureus. 2024 Oct 
1;16(10):e70597. 

 

https://www.nhsrc.gov.pk/SiteImage/Downloads/Updated%20National%20Blood%20Transfusion%20and%20Blood%20Produ_251106_151555.pdf?utm_source=chatgpt.com
https://www.nhsrc.gov.pk/SiteImage/Downloads/Updated%20National%20Blood%20Transfusion%20and%20Blood%20Produ_251106_151555.pdf?utm_source=chatgpt.com
https://www.nhsrc.gov.pk/SiteImage/Downloads/Updated%20National%20Blood%20Transfusion%20and%20Blood%20Produ_251106_151555.pdf?utm_source=chatgpt.com
https://www.nhsrc.gov.pk/SiteImage/Downloads/Updated%20National%20Blood%20Transfusion%20and%20Blood%20Produ_251106_151555.pdf?utm_source=chatgpt.com

