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Abstract

Background: This study aims to calculate the following bed utilization of intensive care Units (ICU) at the national and
regional levels.
Methods: A descriptive retrospective record-based study was done in all ICUs affiliated to Ministry of Health and

Population (MOHP).
Results: ICU admission rate ranged from 0.09% to 0.41% with 0.19%. BOR ranged from 10% to 72% with 60%. The ALS

(Days) ranged from 1.92 days to 5.41 days with 3.61 days. The average ABTI per year ranged from 1.42 days to 25.04 days
with 2.46 days. The average ABTR ranged from 13.14 to 101.02 with 60.14.
Conclusions: Utilization of ICUs affiliated to MOHP is not optimal at the national level and there is a room for

improvement.
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1. Introduction

T here is an increasing demand for intensive
care Units’ (ICU) beds due to more severe

hospital cases with aging of the population. The
utilization of ICU beds is ultimately a compromise
between optimal uses of this expensive resource
while providing adequate care for individual pa-
tients [1]. Continuous measurement of ICU bed
utilization is required for the purposes of planning,
comparisons within and between health systems
and providing realistic benchmarks for quality
monitoring [2].
In Egypt, Ministry of Health and Population

(MOHP) provides ICU services free of charge all
over the country however there is no national data
base which describes ICU utilization. The current
estimates of ICUs occupancy are also limited in

that they do not consider potential variation in
utilization patterns across ICUs of different types
or sizes. All these details are essential to under-
standing the flexibility of a system composed of
many ICUs [3]. To the best of the researchers’
knowledge, there is a scarcity of studies about ICU
bed utilization at the national level in Egypt. This
study aims to measure bed utilization of ICUs
affiliated to MOHP in Egypt and its variations be-
tween different regions.

2. Population and methods

2.1. Study locality and duration

This study included all ICUs affiliated to Ministry
of Health and Population (MOHP) in Egypt during
the calendar year 2018 before the COVID-19
pandemic.
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2.2. Study design

A descriptive retrospective record-based study
that included all patients admitted to ICUs with
different diagnoses.
The following data were collected from statistical

department for each hospital/ICU: number of out-
patients, emergency patients, ICU admissions, sep-
arations (referred, discharged alive, died, referred to
other ICU, transferred to other departments),
number of available beds, occupied bed days. Egypt
was divided into the seven Egyptian regions
declared by General Organization for Physical
Planning.
The following bed utilization indicators were

calculated [4,5]:

1. ICU admission rate (ICAR) ¼ (Number of ICU
admissions in a certain year/Number of patients
in the same year) * 100. This rate was calculated
for all admission from both outpatients' clinics,
other departments and emergency room (OPC-
ER) combined.

2. Bed occupancy rate (BOR) ¼ (Number of occu-
pied bed days in certain year/Number of avail-
able bed days in the same year) * 100

3. Average length of stay (ALS) ¼ Number of
occupied bed days in certain year/Number of
separations (discharge, transfer & death) in the
same year

4. Average bed turnover interval per year (ABTI) ¼
(Number of available bed days � Number of
occupied bed days)/Number of separations
(discharge, transfer & death). Patients admitted
and separated on the same date are allocated a
length of stay of 1 day.

5. Average bed turnover rate (ABTR) ¼ Number of
separations in certain year/Number of available
beds in the same year

2.3. Ethical consideration

The study proposal was approved by IRB of
XXXXXX (code: MD/17.11.01). Official approval of
the MOHP and participating ICUs were obtained
after assurance of data confidentiality.

2.4. Statistical analysis

Data were analyzed manually. Qualitative data
were expressed as count and percent and the
different indices were calculated according to the
above mentioned formula.

3. Results

Table 1 shows that ICAR ranged from 0.09% to
0.41% with 0.19% all over the country. ICAR from
ER visits alone ranged from 0.4% to 2.2% with 0.7%
all over the country. ICU BOR ranged from 10% to
72% with 60% all over the country. The average
length of ICU stays (Days) ranged from 1.92 days to
5.41 days with 3.61 days all over the country. The
average ICU bed turnover interval per year ranged
from 1.42 days to 25.04 days with 2.46 days all over
the country. The average ABTR ranged from 13.14 to
101.02 with 58.63 all over the country.
Table 2 shows that overall ICAR was 0.19% from

OPC-ER visits. The highest rate was 0.24% from
OPC-ER (Delta) and 0.99% from ER (North Upper
Egypt) while the lowest rate was 0.14% from OPC-
ER (Greater Cairo and South Upper Egypt).
Table 3 shows that the overall ICU BOR was 59%.

The highest rate was 67% (Greater Cairo) while the
lowest rate was 43% (South Upper Egypt).

Table 1. ICU bed utilization in Egyptian Governorates (2018).

Governorate ICU performance indicator

ICAR ICAR (ER) BOR ALS ABTI ABTR

Cairo 0.21% 1.2% 73% 4.96 1.82 53.78
Qaliubiya 0.12% 1.6% 51% 4.34 4.10 43.21
Giza 0.09% 0.9% 68% 4.88 2.29 50.95
Alexandria 0.24% 2.2% 82% 5.41 1.21 55.08
Beheira 0.12% 0.4% 67% 4.64 2.31 52.53
Matruh 0.29% 1.6% 33% 3.70 7.57 32.38
Damietta 0.41% 0.8% 62% 2.58 1.59 87.46
Dakahlia 0.23% 0.8% 67% 2.86 1.42 85.31
Kafr El-Sheikh 0.15% 0.7% 52% 3.41 3.20 55.23
Gharbeya 0.24% 0.5% 58% 4.22 3.03 50.37
Menoufia 0.22% 0.7% 59% 3.60 2.54 59.47
Port Said 0.42% 0.7% 72% 4.01 1.56 65.49
Suez 0.13% 0.4% 45% 3.80 4.64 43.29
Ismailia 0.15% 0.5% 35% 4.09 7.65 31.10
Sharkia 0.21% 0.6% 65% 3.72 1.96 64.25
North Sinai 0.16% 0.9% 34% 4.10 8.03 30.09
South of Sinai 0.09% 1.8% 10% 2.73 25.04 13.14
Bani Sweif 0.16% 0.5% 58% 3.90 2.80 54.53
Fayoum 0.23% 0.6% 55% 2.59 2.13 77.35
Minya 0.34% 0.5% 66% 2.37 1.24 101.02
Asyut 0.14% 0.6% 68% 3.48 1.66 71.04
the new Valley 0.35% 1.2% 49% 1.92 2.03 92.41
Sohaj 0.10% 1.0% 45% 2.28 2.77 72.19
Qena 0.17% 0.6% 38% 2.64 4.25 52.96
Aswan 0.21% 0.6% 35% 2.68 4.99 47.56
The Red Sea 0.19% 0.4% 53% 2.69 2.36 72.25
Luxor 0.13% 0.4% 45% 2.90 3.51 56.96
Total 0.19% 0.7% 60% 3.61 2.46 58.63

HAR ¼ Hospital admission rate, HAR (ER) ¼ ICU Hospital
admission rate (from Emergency Rooms), BOR ¼ Bed occupancy
rate, ALS ¼ Average length of stay, ABTI ¼ Average bed turnover
interval per year, ABTR ¼ Average bed turnover rate.
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Table 4 shows that the overall ICU ALS in days
was 3.6 days. The highest ALS was 4.82 (Greater
Cairo) while the lowest rate was 2.54 (South Upper
Egypt).
Table 5 shows that the overall ICU ABTI was 2.46

days. The highest ABTI was 3.42 (South Upper
Egypt) while the lowest rate was 1.74 days (Asyut).
Table 6 shows that the overall ICU ABTR was

58.63. The highest ABTR was 74.01 (North Upper
Egypt) while the lowest rate was 47.32 (Alexandria).

4. Discussion

Bed utilization indices are objective measures of
the efficient utilization of the limited ICUs.
Improper utilization of ICU beds results in drain on
the hospital resources. The proper utilization of ICU
beds is complex and a challenge to attain. Critical

and deteriorating patients are admitted to the ICU
from different departments or referred from other
hospitals. Also acute patients from the ER are shif-
ted to ICU for the better management [6].
This study revealed that ICAR all over the country

was 0.19% of patients visiting ERs and other de-
partments combined. This rate is much lower than
1.2%e38.9% across the 118 Veterans Affairs acute
care hospitals in USA [7]. This discrepancy could be
explained by differences in hospital types, age of
patients and severity of diseases.
BOR is an important performance indicator of

ICUs as it provides information on the service ca-
pacity. In the current study, BOR was 60% all over
the country. This rate is much lower than the
optimal ICU occupancy rates which were reported
to be around 70e75 [8e10]. There is a great variation
in BOR across governorates, with the highest rate of
82% in Alexandria, and the lowest rate of 10% in
South of Sinai. This could be attributed to lower

Table 2. ICAR in Egyptian geographical regions (2018).

Region OPC ER OPC-ER Admissions ICAR

Greater Cairo 11,568,195 2,654,245 14,222,440 19,626 0.14%
Alexandria 6,459,036 2,438,576 8,897,612 15,426 0.17%
Delta 14,817,959 6,159,089 20,977,048 49,722 0.24%
Suez Canal 7,056,481 2,887,207 9,943,688 21,516 0.22%
North Upper Egypt 5,486,830 1,683,130 7,169,960 16,653 0.23%
Asyut 3,420,084 1,300,905 4,720,989 7538 0.16%
South Upper Egypt 6,713,069 2,081,902 8,794,971 11,880 0.14%
Total 55,521,654 19,205,054 74,726,708 142,361 0.19%

OPC ¼ N of patients visiting Outpatient Clinics. ER ¼ N of patients visiting Emergency Rooms. Total OPC-ER ¼ N of patients visiting
Outpatient Clinics and Emergency Departments. ICAR¼ ICU Admission Rates.

Table 3. ICU Bed Occupancy Rate (BOR) in Egyptian geographical
regions (2018).

Region Available
bed days

Occupied
bed days

ICU
BOR

Greater Cairo 141,620 94,602 67%
Alexandria 116,070 74,097 64%
Delta 266,450 161,213 61%
Suez Canal 152,205 82,287 54%
North Upper Egypt 79,935 47,447 59%
Asyut 36,865 23,768 64%
South Upper Egypt 70,810 30,226 43%
Total 863,955 513,640 59%

Table 4. ICU ALS in Egyptian geographical regions (2018).

Region Occupied
bed days

Number of
separations

ICU ALS
(days)

Greater Cairo 94,602 19,626 4.82
Alexandria 74,097 15,426 4.80
Delta 161,213 49,722 3.24
Suez Canal 82,287 21,516 3.82
North Upper Egypt 47,447 16,653 2.85
Asyut 23,768 7538 3.15
South Upper Egypt 30,226 11,880 2.54
Total 513,640 142,361 3.61

Table 5. ICU ABTI in Egyptian geographical regions (2018).

Region ABD OBD Separations ICU ABTI

Greater Cairo 141,620 94,602 19,626 2.40
Alexandria 116,070 74,097 15,426 2.72
Delta 266,450 161,213 49,722 2.12
Suez Canal 152,205 82,287 21,516 3.25
North Upper Egypt 79,935 47,447 16,653 1.95
Asyut 36,865 23,768 7538 1.74
South Upper Egypt 70,810 30,226 11,880 3.42
Total 863,955 513,640 142,361 2.46

ABD ¼ Available bed days, OBD¼ Occupied bed days.

Table 6. ICU ABTR in Egyptian geographical regions (2018).

Region Available beds Separations ICU ABTR

Greater Cairo 398 19,626 49.31
Alexandria 326 15,426 47.32
Delta 748 49,722 66.47
Suez Canal 428 21,516 50.27
North Upper Egypt 225 16,653 74.01
Asyut 104 7538 72.48
South Upper Egypt 199 11,880 59.70
Total 2426.84 142,361 58.63
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population density in frontiers governorates.
Another contributing factor is self-referral to highly
specialized university hospitals with high-quality
services rather than local small hospitals.
Low BOR is a waste of both human and monetary

resources. Too high occupancy means excessive
work that negatively affects morale. Also it may be
associated with refusal or delayed admissions to
ICU and increased severity of illness on later
admission to the ICU [10e12]. Furthermore, full
occupancy leads to turning away patients and
jeopardize both reputation and future referrals. It
was postulated that full occupancy is unobtainable
as the discharge of existing patients and subsequent
admission of new patients is not instantaneous and
time is required for servicing and resetting the bed
space [13]. BOR varies according to place and size of
hospital as well as season and presence of emer-
gency services.
The BOR of 60% all over Egypt is intermediate to

findings in other countries. A more or less similar
rate was reported in USA between 2000 and 2005,
national ICU occupancy rates ranged from 65% to
68% [14]. In 2010, the average national ICU occu-
pancy rate was 66% [15]. Another US study reported
that ICU occupancy ranged from 57.4% to 82.1%
over a three years period [16]. In a Bangalore hos-
pital: BOR was 61.11% [17].
Much higher rates were reported in both devel-

oped and developing countries. BOR of 91.12% and
96.947% in Iran [18], 69.75% in Nepal [19], 75.53%
and 98.5% in India [20,21], 74.7% in Malawi [22],
83.8%e94.4% in Taiwan [23] and 83.8%e88.2% in
England before and during the COVID-19
pandemic [24].
ALS in the ICU has been used as a measure of

resource utilization as it impacts upon bed avail-
ability and leads to long waiting times. A patient
with prolonged ICU stay consumes a significant
share of the ICU resources and adversely affects the
health status by increasing the risk of infection,
complications and mortality [25e27]. ALS is often
used as an indicator of adequate bed utilization. All
other things being equal, a shorter stay will decrease
the cost per discharge. Decreased ALS, increased
BOR with good BTR are indicators of optimum uti-
lization of ICUs beds [28].
ALS in ICU is an important estimate relating to

the stability of the healthcare system in terms of ICU
bed occupancy [29]. However, as two units could
have the same BOR but different ALS, these two
rates should be examined together to properly
assess the unit activity [10].
In the current study ALS (in days) all over the

country was 3.6 days, with the highest rate in

Alexandria (5.4 days), and the lowest rate in The
New Valley (1.9 days). This ALS is short but it is
quite different from one ICU to another depending
upon the type of cases, nature of emergency and
severity of illness. ALS is being recommended to be
around 5e6 days for efficient utilization of ICU [30].
Shorr [31] in his review concluded that length of

stay has been documented as short as 24 hours, and
as long as 132 days. The ALS (in days) varied form
study to another. It was 5.53, 4, 5 and 3.16 in
different Indian studies [21,22,24,25,32] 6.5 in
Taiwan [27], 6.94 and 4.44 in Iran [18], 5.45 and 7.28
in Nepal [19], 4.8 in Malawi [22], 7.9 and 9.9 in Iran
[33] and 10.2 in Turkey [34]. These variations are
related to morbidity pattern of admitted cases,
chronic cases have long stay compared to acute
cases.
ABTR and ABTI are inter-related. The bed turn-

over rate indicates the speed with which patients on
any ICU bed are rotated. The overall ABTR and
ABTI were 58.63 and 2.46 days; respectively with
marked variability between different regions. Also
there was a lower ABTI and a higher ABTR in
Governorates with high ICU admission rates vs.
Governorates with low ICU admission rates.
ABTR varies in different studies and localities. It

was 56.5 in Malawi [26], 60.01 and 52 in India [17,20],
38.6 and 50.4 in Nepal [19] and 31.67 & 25.89 in Iran
[18]. Small BTR would indicate fewer people utiliz-
ing the hospital. Whereas, increase in BTR appears
to be the outcome of increasing admission rates but
also indicates that the hospital is operating at a high
level of efficiency regarding bed utilization.
ABTI (in days) varies in different studies and lo-

calities. It was 1.63 in Malawi [22], 2.02 and 1.5 in
India [17,20], 2.86 and 0.08 in Nepal [19], 1 hour and
less in Iran [18], 1.63 days in Malawi [26]. It was
commented that rapidly declining turnover in-
tervals reflected shortage of ICU beds. Furthermore,
negative turnover interval suggests non-availability
of beds at certain crucial moments [19,21].
In conclusions, The MOHP affiliated ICUs bed

utilization overall Egypt is not optimal; there is un-
derutilization in most of the indicators and there is a
room for improvement. Equitable distribution of
ICU units with proper logistics and well-trained
staffing all over the country, especially frontiers
governorates is recommended. Establishment of
national electronic health registry for ICUs all over
the country will facilitate transfer and co-ordination
between different hospitals at the governorate,
regional and national levels. ICUs utilization indices
should be calculated annually to be the base for
planning and evaluation of this important type of
health care. There is a need to balance the
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availability of ICU beds versus scarce resources and
actual utilization in each region of the country. More
information is essential to adequately monitor, plan
and evaluate activities of ICUs. It is recommended
that bed utilization indices be used routinely to
assess, analyze and improve the available resources.
Study limitations: ICUs of other health sectors

(e.g. university hospitals, private sector, military
hospitals) were not included. The underlying rea-
sons for the variability of the studied indices be-
tween different governorates and regions were not
explored. The study was done before COVID-19
pandemics so the situation is now totally different
due to overburden of ICU with COVID-19 patients.
However, the results are still valid as there special
ICUs and isolation centers for COVID-19 cases.
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