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ABSTRACT: 

Background: This study aims to evaluate the 
cost-effectiveness of using albumin as well as 
crystalloids compared to the baseline use of 
crystalloids alone in the management of sepsis 
in the context of the Egyptian healthcare system. 
This is crucial for healthcare policymakers 
and managers, particularly in settings where 
reasonable cost containment is a priority.

Methods: A decision tree model was created using 
TreeAge Healthcare Pro software to compare two 
treatment groups for patients with severe sepsis or 
septic shock: One receiving only crystalloid fluids 
and the other receiving both crystalloid fluids and 
human albumin. The treatments were compared 
using the Incremental Cost-Effectiveness 
Ratio (ICER) and Net Monetary Benefit (NMB). 
Deterministic and probabilistic sensitivity analyses 
were conducted to assess the robustness of the 
results.

Results: Although comparing the cost-effectiveness 
of both alternatives showed an ICER of 162,00 L.E in 
favor of the albumin plus crystalloids use in sepsis 
cases management, there was no dominance of 
either alternative over the other in terms of the 
cost-effectiveness plane.  By considering the NMB 
relevant to each individual alternative, the albumin 
plus crystalloids choice resulting in (-323,485 
L.E) while the use of crystalloids alone resulting in 
higher NMB estimate of (-312,285 L.E). The results 
showed a considerable sensitivity to the cost of 

Albumin, the probabilistic sensitivity analysis 
showed robustness of the base case results over 
the estimated willingness to pay threshold of 
160,000 L.E.

Conclusions: The study showed that albumin-
based management of sepsis and septic shocK 
patients is not a cost-effective choice up to the 
WTP threshold of 300,000 L.E. 
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Study Findings Impact on Practice

1. Policymakers Guidance: The study provides 
guidance for policymakers on prioritizing 
cost-effective healthcare interventions 
under Egyptian universal health insurance.

2. Resource Efficiency: It helps allocate 
resources effectively by directing funds 
towards interventions offering the most 
significant health benefits per cost unit.

3. Equitable Healthcare Access: Ensures 
equitable access to essential healthcare 
services for all Egyptians, irrespective of 
socio-economic factors through utilizing an 
evidence-based approach.
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4. Health Outcome Improvement: 
Implementation of cost-effective 
interventions in ICU, such as the one 
identified in this study could lead to improved 
population health outcomes, including 
reduced disease burden and increased life 
expectancy.

1. Introduction 

Sepsis, a life-threatening condition caused by 
the body extreme response to an infection, is 
characterized by an aberrant and deregulated 
host response leading to multiorgan dysfunction.
(1,2) It poses a significant challenge in healthcare, 
particularly in intensive care units (ICUs).(3) The 
management of septic shock, a severe form of 
sepsis characterized by refractory hypotension 
or hyperlactatemia (4), remains a critical concern, 
with mortality rates varying based on the setting 
and severity of the disease, reaching up to 80% for 
cases of septic shock.(5-7)

The fluid therapy, which represents a core 
component of septic shock management, involves 
the use of crystalloids and colloids, with the latter 
including human albumin. The debate over the use 
of colloids, particularly albumin, originates from 
the contrasting findings regarding its mortality 
benefits in sepsis cases management. While 
some studies, like the Saline Versus Albumin Fluid 
Evaluation trial and the Albumin Italian Outcome 
Sepsis (ALBIOS) trial, suggest a mortality reduction 
benefit with albumin use in septic shock(8,9), others 
indicated no significant mortality reduction.(10,11) In 
countries like Egypt, where healthcare resources are 
often limited, the cost-effectiveness of treatments 
like albumin becomes especially pertinent. The 
economic evaluation of fluid therapy in sepsis 
patients, including the use of albumin, has not been 
given significant attention despite its potential 
to influence healthcare expenditure and policy 
decisions.(9) This is critical given the expensive 
nature of albumin, which can significantly inflate 
healthcare costs if prescribed indiscriminately.(9)

Given this background, the study at hand aims to 
evaluate the cost-effectiveness of using albumin 
as well as crystalloids compared to the baseline 
use of crystalloids alone in the management of 
sepsis in the context of the Egyptian healthcare 
system. This evaluation is crucial for healthcare 
policymakers and managers, particularly in 
settings where reasonable cost containment is a 

priority. By focusing on the cost-effectiveness of 
albumin in sepsis management, this study seeks 
to contribute valuable insights into optimizing 
healthcare resources and improving patient 
outcomes in Egypt and similar settings which are 
undergoing significant transformations with the 
impending implementation of the universal health 
insurance system.

2. Methods

2.1. Decision Analysis Model
A decision tree model was created using TreeAge, 
LLC (Healthcare Pro® Version 2023 R2.0) software. 
The model was based on a hypothesized group of 
patients with either severe sepsis or septic shock. 
These patients were divided into two groups based 
on the type of fluids administered for management: 
crystalloid fluids only or a combination of 
crystalloid fluids and human albumin. The model 
tracked these patients from the onset of severe 
sepsis or septic shock, up to a duration of 28 days.
(8) The researchers developed the model from 
the perspective of healthcare systems, such as 
universal health insurance authorities, and each 
treatment pathway within the model indicated the 
likelihood of survival or mortality within 28 days.(8)  
They did not incorporate potential negative side 
effects from the treatments into this model. Figure 
1 displays the decision tree model constructed for 
comparing the alternative basic estimates,

2.2. Model Inputs
2.2.1. Cost data
The cost analysis included standard care costs 
for severe sepsis and septic shock, determined 
using the Delphi consensus approach to obtain 
as accurate data as possible regarding the direct 
medical costs attributed to the management 
regimen of sepsis patients in the compared 
alternatives, including both ICU and ward hospital 
stays. The Delphi approach involved two successive 
rounds of surveying a panel of experts to achieve the 
maximum consensus level. (12–14) The final reported 
cost data demonstrated a high level of agreement, 
confirmed by conducting Intraclass Correlation 
testing, which yielded above 90% reliability in both 
averages and ranges of input values.(15,16) All costs 
are reported in terms of the 2023 Egyptian pound 
currency (L.E), as all costs were reported for a 
timeframe of less than one year, requiring no cost 
adjustments. Table 1 presents descriptive values 
for each cost item used in the analysis, along with 
their reported ranges. 
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   Table 1. Estimates of cost-effectiveness model input parameters and their assigned probability distributions

Input Parameter Name Minimum 
value

Input parameter 
base case value 

(average)

Maximum 
value Distribution

Cost of Albumin 14400 16200 18000 Gamma

Cost of Anaerobic Culture 191 325 460 Gamma

Cost of Antibiotics 20570 49640 69020 Gamma

Cost of Blood Culture 408 790 1170 Gamma

Cost of Hemodialysis (HD) 4050 21000 36000 Gamma

Cost of ICU Stay 80000 240000 400000 Gamma

Cost of Mechanical Ventilation (MV) 7200 11100 15000 Gamma

Cost of Sputum Culture 95 215 335 Gamma

Cost of Urine Culture 95 215 335 Gamma

Cost of Ward Stay 28000 84000 140000 Gamma

Probability of Mortality with Crystalloids 0.43 0.52 0.61 Beta

Probability of Mortality with Crystalloids plus Albumin 0.37 0.5 0.52 Beta

Life Years Gained with Crystalloids 1.64 1.9 2.3 Gamma

Life Years Gained with Crystalloids plus Albumin 1.9 2 2.7 Gamma

2.2.2. Outcome data 
2.2.2.1. Mortality data
Probabilities of mortality for both decision arms 
were derived from Tigabu et al.’s study.(17) The study 
used the odds ratio for mortality, derived from a 
meta-analysis of clinical trials,(18) to calculate the 
probabilities of 28-day survival with and without 
the addition of albumin.  These probabilities were 
then integrated into the decision tree model. The 
odds ratio was converted into a probability of 
mortality for patients treated with albumin and 
crystalloids.(17)

2.2.2.1. Life Years Gained
The main outcome data were expressed in terms 
of Life Years Gained (LYG). Data for life expectancy 
years gained were also utilized from the Tigabu 
et al.’s study.(17) They developed Life Years Gained 
for either choice using the Declining Exponential 
Average Life Expectancy (DEALE) method. This 
approach considered life expectancy for the 
general population at a given age and the mortality 
rate for each treatment group.(19) 

2.3. Base Case Cost-Effectiveness Analysis
The cost-effectiveness of the compared alternative 
approaches for managing sepsis was evaluated 
using the Incremental Cost-Effectiveness Ratio 
(ICER), which represents the incremental cost per 
additional life year gained from one treatment 
compared to another. Additionally, the Net 
Monetary Benefit (NMB) was calculated to provide 
a more standardized method for comparing the 
value of benefits gained from implementing either 
alternative. This allows for determining which 
choice is more cost-effective.(20)

2.4. Sensitivity Analyses
2.4.1. Deterministic sensitivity analysis
To assess the robustness of the proposed model, 
a deterministic sensitivity analysis was performed 
by evaluating the robustness of the results reached 
upon varying the values of each single model 
parameter along its respective range.(21) The 
respective ranges were obtained from the results of 
Delphi consensus approach for the Cost data,(15,16) 
and from the literature for the outcome data.(17) 
the results of the deterministic sensitivity analysis 
were reported in terms of a Tornado diagram.

2.4.2. Probabilistic sensitivity analysis
The researchers employed the Monte Carlo 
simulation approach for conducting probabilistic 
sensitivity analysis, allowing all model input 
parameters to vary simultaneously according to 
their respective probability distributions.(21) The 
cost data and the values for life years gained 
were assigned a Gamma distribution, while the 
probabilities of mortality were assigned a Beta 
distribution. To draw the final conclusions of 
the study, this probabilistic sensitivity analysis 
was set to run one thousand iterations. A cost-
effectiveness acceptability curve (CEAC) was 
constructed to illustrate the likelihood of choosing 
cost-effectiveness in relation to a willingness-to-
pay (WTP) value ranging from 50,000 to 500,000 
Egyptian Pounds (L.E). The researchers have 
conservatively estimated the exact WTP value for 
this study to be 160,000 L.E, equivalent to 1.5 times 
the country national GDP per capita.(22,23)
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Figure 1. Decision tree model for estimating the cost-effectiveness results for base-case scenario

3. Results

3.1. Base Case Cost-effectiveness Results 
Although comparing the cost-effectiveness of 
both alternatives showed an ICER i.e., the cost of 
each extra life year gained to be 162,000 L.E for 
the albumin plus crystalloids use in sepsis cases 
management, there was no dominance of either 
alternative over the other in terms of the cost-
effectiveness plane showed in figure 2. This finding 
can be totally reversed by considering the NMB 
relevant to each individual alternative at a WTP of 
160,000 L.E. Having the albumin plus crystalloids 
choice resulting in (-323,485 L.E) while the use of 
crystalloids alone resulting in higher NMB estimate 
of (-312,285 L.E), the researchers can clearly 
conclude that the baseline use of crystalloids alone 
is more cost-effective than the use of albumin as 
well as crystalloids in the management of sepsis 
cases. Results of the base case analysis are shown 
in table 2.

Figure 2. Cost-effectiveness plane for the base-case scenario 

comparison
*Cost in Egyptian pounds (L.E).
*Effectiveness in life years (LY) gained.

Table 2. Base case results for the Cost-Effectiveness decision tree model

Strategy Dominance Cost
Incr. Cost 

(L.E)
Eff.

Incr. Eff.
(LYG)

ICER
(L.E/LYG)

NMB

Baseline Crystalloids Undominated 407,285 1.9 -312,285

Crystalloids plus 
Albumin

Undominated 423,485 16,200 2 0.1 162,000 -323,485

3.2. Deterministic Sensitivity Analysis Results
The one-way sensitivity analysis presented by the 
tornado diagram has revealed consistent results 
upon varying each input individually except for 
the cost of Albumin. The results were considerable 
sensitivity to the changes in Albumin cost, this 
can be clearly noticed in the Tornado diagram 
displayed in figure 3.

Figure 3. Tornado diagram showing results of the 
deterministic sensitivity analysis

*WTP: Willingness to Pay                      *EV: Estimated Value

3.3. Probabilistic Sensitivity Analysis Results
The Monte Carlo simulation results were reported 
in form of the Incremental Cost-Effectiveness (ICE) 
scatterplot encompassing the simultaneously 
varying inputs effect on the ICE outcome for the 
tested 1,000 different iterations. The higher portion 
of the iteration under the estimated Egyptian 
Willingness to Pay (WTP) of 16,000 L.E were in 
favor of the baseline use of crystalloids alone 
indicating that it is more cost-effective. This can 
be further illustrated using the Cost-Effectiveness 
Acceptability Curve (CEAC) displayed in figure 
4. Upon observing the directions shown in the 
Cost-Effectiveness Acceptability Curve CEAC, 
the researchers can realize that that Cost-
Effectiveness status turns in favor of using albumin 
as well as crystalloids when Willingness to Pay 
(WTP) comes into about two times the current 
estimated Egyptian WTP threshold. 
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Figure 4. Cost-Effectiveness Acceptability Curve (CEAC) 

4. Discussion

It is well-known that the administration of 
intravenous (IV) fluids is a fundamental aspect 
of managing sepsis patients in the intensive care 
unit (ICU). Approximately two-thirds of sepsis 
patients respond well to fluid resuscitation during 
the early stages of sepsis.(24,25) The administration 
of IV fluids should continue alongside continuous 
improvements in the patient’s hemodynamic 
parameters, such as stroke volume and cardiac 
output.(26)

While the use of crystalloids in fluid resuscitation 
is recommended by the 2021 Sepsis Campaign 
guidelines, the use of albumin as a resuscitation 
fluid in sepsis remains controversial. Despite this, 
albumin is employed due to its ability to support 
oncotic pressure and thus maintain intravascular 
volume.(27,28)

The present study revealed that the use of human 
albumin as an add on to the baseline crystalloids 
use in managing sepsis cases was not cost-
effective on the basic case scenario developed by 
the decision tree model utilizing the WTP of 160,000 
L.E that is equivalent to 1.5 times the Egyptian GDP 
per capita for each life year gained.

The choice of using human albumin as well as 
crystalloids showed a NMB of (-323,485 L.E), while 
the standard choice of crystalloids alone showed a 
NMB of (-312,285 L.E). Upon deterministic sensitivity 
analysis conduction, the results reached showed 
robustness over the compared ranges of input 
parameters except that for the albumin cost. These 
results came in contrary with that for the study 
published in 2014 to evaluate the cost-effectiveness 
of fluids resuscitation alternatives for managing 
severe sepsis patients based on reviewing recent 
clinical trials that showed the cost-effectiveness 
of albumin-based management in severe sepsis 
and septic shock cases.(29) This contradictory 
results may be attributed to the major difference 
in albumin accessibility and hence affordability 
in the Egyptian market from the US healthcare 
system that can guarantee more accessibility and 

affordability of albumin. On the other hand, when 
looking at a similar study that was conducted in 
Iran, one can realize that this study results came 
in alignment with its results that revealed the 
baseline crystalloids management choice as the 
cost-effective one.(9) The consistency in these 
results with the Iranian study is thought to be due 
to similarity in healthcare market systems. In a 
recent multicenter study conducted in Jordan, 
the results of exploring the cost-effectiveness 
analysis for both alternatives have showed that 
albumen use was not a cost-effective choice from 
the Jordanian healthcare system perspective.(30) 
This can considerably support the current study 
findings due to similarity in Egyptian and Jordanian 
economic status as both are categorized among 
the Low- and Middle-Income Countries (LMICs).  
Building on the probabilistic sensitivity analysis 
results, the researchers found that the baseline 
treatment using only crystalloids is a cost-effective 
choice over a wide range of probabilities, with a 
willingness-to-pay (WTP) threshold up to 300,000 
L.E. Beyond this WTP threshold, there is a gradual 
yet trivial increase in favor of albumin-based 
management. This pattern is somewhat consistent 
with the probabilistic sensitivity analysis from a 
recent multicenter Jordanian study.(30) Meanwhile, 
when comparing the reached results to those of 
the French COOAST study, which evaluated the 
cost-effectiveness of albumin in severe sepsis and 
septic shock cases, a clear difference emerges. The 
French study confidently concludes that albumin-
based management is always the cost-effective 
choice.(31)

Although not being included in the list of 
specific Diagnosis Related Group (DRG) of 
specific medications that necessitates specific 
reimbursement, the cost of whatever used 
albumin quantity, albumin-based management 
remains the cost-effective choice according to 
French COOAST study. This may be explained by 
the relative robustness of the French economic 
system.(31,32) 

5. Strengths of the Study

The present study came as a trial to fill the gap 
in examining the cost-effectiveness of one of the 
crucial healthcare provided services that has 
a great burden on the Egyptian national level. 
The reseachers tried their best to use model 
parameters that cover most of the Egyptian real-
world situation.
 
6. Limitations of the Study

One of the main limitations in the present  study 
resides with the deficient national exact estimates 
of the outcome data. The reserachers believe that 
conduction of prospective multicenter national 
studies is of a great positive impact specially that it 
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guarantees a more comprehensive data collection 
methods in a multitude of different settings and 
patient rates.

7. Conclusions
 
The present study has demonstrated that albumin-
based management of patients with sepsis 
and septic shock is not a cost-effective option 
up to the willingness-to-pay (WTP) threshold 
of 300,000 L.E. This finding underscores the 
importance of evaluating the cost-effectiveness 
of healthcare interventions, especially in the 
context of implementing the Egyptian Universal 
Health Insurance. The researchers strongly 
recommend conducting further studies to optimize 
the healthcare services provided. It would be 
extremely beneficial for national policymakers 
to consider these evaluations when developing a 
national Diagnosis Related Group (DRG) system, 
which is crucial for designing an appropriate 
reimbursement system.
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