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ABSTRACT: Objectives: Cardiopulmonary resuscitation (CPR) is a life-saving procedure which may fail if applied
unselectively. ‘Do not resuscitate’ (DNR) policies can help avoid futile life-saving attempts among terminally-ill
patients. This study aimed to assess CPR outcomes and estimate healthcare costs in potential DNR cases. Methods:
This retrospective study was carried out between March and June 2014 and included 50 adult cardiac arrest patients
who had undergone CPR at Sultan Qaboos Hospital in Salalah, Oman. Medical records were reviewed and treating
teams were consulted to determine DNR eligibility. The outcomes, clinical risk categories and associated healthcare
costs of the DNR candidates were assessed. Results: Two-thirds of the potential DNR candidates were =60 years
old. Eight patients (16%) were in a vegetative state, 39 (78%) had an irreversible terminal illness and 43 (86%) had
a low likelihood of successful CPR. Most patients (72%) met multiple criteria for DNR eligibility. According to
clinical risk categories, these patients had terminal malignancies (30%), recent massive strokes (16%), end-stage
organ failure (30%) or were bed-bound (50%). Initial CPR was unsuccessful in 30 patients (60%); the remaining 20
patients (40%) were initially resuscitated but subsequently died, with 70% dying within 24 hours. These patients
were ventilated for an average of 5.6 days, with four patients (20%) requiring >15 days of ventilation. The average
healthcare cost per patient was USD $1,958.9. Conclusion: With careful assessment, potential DNR patients can
be identified and futile CPR efforts avoided. Institutional DNR policies may help to reduce healthcare costs and
improve services.

Keywords: Cardiopulmonary Resuscitation; Medical Futility; Do Not Resuscitate Orders; Persistent Vegetative
State; Terminally Ill; Healthcare Costs; Oman.
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ADVANCES IN KNOWLEDGE
While cardiopulmonary resuscitation (CPR) techniques have advanced over time, these life-saving measures may still be futile for
certain patients. This study indicates very poor CPR outcomes and high associated healthcare costs among potential do not resuscitate’
(DNR) candidates at a secondary care hospital in Oman.
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APPLICATION TO PATIENT CARE

- Many hospitals and medical institutions still lack official DNR policies or clear guidelines to identify DNR cases. The results of this study
indicate that potential DNR patients can be identified according to certain criteria. Institutional DNR policies are recommended to save
terminally-ill patients from undue trauma and reduce the burden on available healthcare services.

ARDIOPULMONARY RESUSCITATION (CPR)
is an emergency medical procedure

whereby external measures, including chest
compression, artificial respiration or defibrillation,
are carried out in an attempt to restore breathing
and spontaneous circulation in a patient whose heart
and/or breathing have stopped. Important milestones
in the history of CPR include the implementation of
mouth-to-mouth resuscitation by William Tossach in
1732, the first successful closed-chest cardiac massage
by Friedrich Maass in 1892, the first successful open-
chest defibrillation by Claude Beck and his team in
1947 and the first successful closed-chest human
defibrillation by Paul Zoll and colleagues in 1955.1-°
Chest compressions were established as part of
CPR procedures by William Kouwenhoven in 1958.%
The American Heart Association (AHA) formally
endorsed CPR in 1963 and produced standardised
CPR guidelines in 1966.

Prompt CPR is life-saving in select cases.
However, the chances of a patient surviving following
CPR measures vary depending on the cause and
circumstances of the cardiac arrest. With in-hospital
CPR, the chances of survival-to-discharge are 15-20%,
while out-of-hospital CPR carries an even lower rate
of survival-to-discharge (5-10%).5-'° Survival rates
decrease even further for the elderly, nursing home
residents or those with multiple medical problems.!
For advanced cancer patients, survival-to-discharge
following in-hospital CPR is approximately 6%.°
Furthermore, the process of CPR itself is not without
risk. Rib fractures, damage to internal organs,
hypoxic brain damage and increased risk of physical
disability are potential CPR-associated complications.
Following CPR, a patient will normally require
support in an intensive care unit (ICU); fatal anoxic
encephalopathy or respiratory complications may arise
from long-term ventilator dependence.'* Unsuccessful
CPR may also lead to an undignified and/or traumatic
death, as well as creating an unnecessary financial
burden on the medical services system.

By 1976, as the limitations of CPR became known,
the potential benefits of ‘do not resuscitate’ (DNR)
orders for terminally-ill patientsbegan to be discussed.'*
Carrying out a DNR order means that no resuscitative
measures are undertaken if the patient undergoes a
cardiopulmonary arrest. Cardiac or respiratory arrest
is an inevitable part of dying; thus, theoretically, CPR
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measures can be used indefinitely on every individual.
It is therefore essential to identify patients for whom
cardiopulmonary arrest represents the terminal event
in their illness, as CPR is inappropriate for these
patients. In circumstances where the decision is made
not to perform CPR, an order for DNR—sometimes
termed ‘do not attempt resuscitation’ or ‘allow natural
death’'—is inserted into the patient’s records. Such
orders are intended to prevent inappropriate, futile or
undesired CPR attempts.

The General Medical of the UK
recommends not attempting CPR if resuscitation is

Council

likely to be unsuccessful (i.e. if cardiac or respiratory
arrest is an expected part of the dying process) or if
successful CPR is not clinically appropriate (i.e. due
to likely clinical outcomes).”® In Wisconsin, USA,
legislature exists which permits physicians to dispense
DNR orders for the following types of adult patients:
those with terminal illnesses; those with medical
conditions that indicate CPR would be unsuccessful
in restoring cardiac or respiratory function; those who
would shortly undergo repeated cardiac or pulmonary
failure before death despite CPR measures; or those
who would suffer significant pain or harm as a result
of the CPR measures, eclipsing the possibility that
CPR measures might successfully and indefinitely
restore cardiac or respiratory function.’® In essence,
DNR orders are implemented if the clinical team
believes that CPR is medically futile or if CPR will, at
the most, prolong the process of dying. Additionally,
CPR may not be appropriate if it is unlikely to lead to
a meaningful recovery or is carried out on a vegetative
patient.

In Oman, as with many other countries, no
legislation regarding DNR orders currently exists.
Previous research conducted in the country has
focused on DNR orders in relation to terminally-
ill cancer patients and in the neonatal ICU of a
tertiary care centre.!”!® This study aimed to assess the
outcomes and estimate the associated healthcare costs
of CPR among potential DNR patients admitted to
the Sultan Qaboos Hospital (SQH), a secondary care
centre in Salalah, Oman.

Methods

This retrospective study was carried out from March
to June 2014 at SQH and included all admitted adult
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medical patients >18 years old who had experienced
cardiac arrest, received at least one attempt at CPR
(referred to as index CPR) and were potential DNR
candidates. Patients whose medical history was
unknown, who presented with cardiac arrest or
those with an uncertain DNR eligibility status were
excluded from the study. Similarly, patients who
were resuscitated in hospital areas other than the
general medical ward or medical critical care area (e.g.
emergency, surgical or gynaecological departments)
were not included. A total of 81 patients at SQH were
initially determined to have suffered a cardiac arrest
and undergone CPR. Of those, 50 met the inclusion
criteria and were included in the study. Another
19 patients were subsequently identified, but were
excluded from the study due to a lack of information
on the part of the consulting physician regarding the
status of the patient prior to CPR.

Three criteria were determined to indicate DNR
eligibility: (1) the clinical condition of the patient
indicated that resuscitation would be medically futile
as it would either not restore cardiac and respiratory
function or would do so only briefly with a subsequent
need for further CPR attempts; (2) the patient was
in a persistent vegetative state with no reasonable
possibility of regaining cognitive function; or (3) the
patient had been diagnosed with an irreversible
terminal illness whereby cardiopulmonary arrest
was considered a natural consequence of the disease
process. The demographic and clinical data of the
DNR candidates were collected from medical records
and via consultations with the treating teams. In some
cases, the researchers had been directly involved in the
care of a particular patient and were able to categorise
DNR eligibility without further consultation. The
potential DNR cases, once identified, were assessed
for immediate and long-term CPR outcomes.
Additionally, the following pre-existing conditions
(i.e. present at admission) were deemed clinical risk
categories predictive of a poor prognosis and were
used to further classify the patients: terminal incurable
malignancy, recent massive stroke, end-stage organ
failure and being bed-bound.

Healthcare costs (including expenses related to
medications, laboratoryinvestigations,imaging studies,
procedures such as tracheostomies or chest tube
placements and hospital stay) were approximated using
information collected from a comprehensive health-
care information management system (e-Government
Al Shifa System, Ministry of Health, Muscat, Oman).
Unfortunately, data on certain items were not available
via this system (e.g. screening cultures, nutritional
supplements and disposable products such as catheters,
central lines, endotracheal and feeding tubes, urinary

catheters and drainage bags) and thus the costs of these
items were not included in the estimation. Data were
analysed with simple statistical calculations performed
manually using Microsoft Excel 2010 (Microsoft, Inc.,
Redmond, Washington, USA).’

This study was approved by the Ethical Committee
of the Directorate General of Health, Ministry of
Health, Salalah.

Table 1: Characteristics of potential ‘do not resuscitate’
patients undergoing at least one attempt at cardiopul-
monary resuscitation at Sultan Qaboos Hospital,
Salalah, Oman (N = 50)

Characteristic n (%)

Total Index CPR

(n=50) survivors
(n =20)

Gender
Male 29 (58) 13 (65)
Female 21 (42) 7 (35)
Mean age in 64 (26-98) 61 (26-79)
years (range)
Nationality
Omani 44.(88) 19 (95)
Other 6(12) 1(5)
Mean hospital 33 (0-320) 34 (0-236)
stay in days
prior to index
CPR (range)

DNR eligibility category

Vegetative state 8 (16) [5.9-26.1] 3 (15) [0-30.6]

[95% CI]

Terminal
illness [95% CI]

39 (78) [66.6-79.4] 12 (60) [38.5-81.5]

Low likelihood 43 (86) [76.9-95.6] 16 (80) [62.5-97.5]
of CPR success

[95% CI]
Ventilation
Before index CPR 22 (44) 6 (30)

After index CPR 20 (40) 20 (100)

Clinical risk category

Bed-bound
[95% CI]

25 (50) [36.1-63.9] 11 (55) [33.2-76.8]

Malignancy 15 (30) [17.3-42.7] 5 (25) [6.0-44.0]

[95% CI]
Stroke [95% CI]

8(16) [5.9-26.1] 3 (15) [0-30.6]

Organ failure 15 (30) [17.3-42.7] 4 (20) [2.5-37.5]

[95% CI]

CPR = cardiopulmonary resuscitation; DNR = ‘do not resuscitate: CI =
confidence interval.
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Figure 1: Frequency of ‘do not resuscitate’ (DNR)
eligibility category by gender among potential
DNR patients undergoing at least one attempt at
cardiopulmonary resuscitation at Sultan Qaboos
Hospital, Salalah, Oman (N = 50).

CPR = cardiopulmonary resuscitation.

Results

Of the 50 potential DNR cases included in the study,
29 (58%) were male and 21 (42%) were female. The
patients ranged in age between 26-98 years old; 33
patients (66%) were 260 years old and four patients
(8%) were <50 years old. The average hospital stay
duration before the index CPR was 33 days (range: three
hours—320 days) [Table 1]. A total of 22 patients (44%)
had already been ventilated for an average of 10 days
when index CPR was required (range: 10 minutes—35
days; aggregate: 218 days). Three other patients also
received non-invasive ventilation, on average for two
days prior to index CPR. Nine patients (18%) were
in the general medical ward when they experienced
cardiac arrest, while all other patients (82%) were
already in the critical care area. Approximately one-
third of the patients (n = 17; 34%) were septic on
admission and 15 patients (30%) became septic later.

In terms of DNR eligibility criteria, eight patients
(16%) were in a vegetative state, 39 (78%) had an
irreversible terminal illness and 43 (86%) met the
criteria of low clinical likelihood of CPR success [Figure
1]. However, the majority of the patients (n = 36;
72%) met multiple criteria for DNR eligibility. Less than
one-third of the patients (n = 14; 28%) met only a single
DNR criterion: one patient (2%) was vegetative, three
(6%) had been diagnosed with terminal illnesses and 10
(20%) had a low likelihood of CPR success. None of the
patients had provided DNR directives in advance.

Risk factors present on admission which were
deemed to predict a poor CPR outcome included end-
stage malignancies (n = 15;30%), recent massive strokes
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Table 2: Clinical risk categories of potential ‘do not
resuscitate’ patients undergoing at least one attempt
of cardiopulmonary resuscitation at Sultan Qaboos
Hospital, Salalah, Oman (N = 50)

Category n (%)
Malignancy 15 (30)
Lung 3(20)
Prostate 2 (13)
Stomach 2(13)
Hepatocellular carcinoma 2 (13)
Rectum 1(7)
Colon 1(7)
Glioblastoma multiforme 1(7)
Chronic lymphocytic leukaemia 1(7)
Liver mass* 1(7)
Mediastinal mass* 1(7)
Organ failure 15 (30)
Cardiac 6 (40)
Pulmonary 5(33)
Liver 4(27)
Bed-bound 25 (50)"
Multifactorial 12 (48)
Previous stroke-induced 8 (32)
Dementia-induced 5(20)
Fracture-induced 3(12)
Acute or recent stroke 8(16)
Massive middle cerebral artery territory 4 (50)
infarct

Intracerebral haemorrhage 2 (25)
Brain stem/cerebral infarct 2 (25)

“These masses were considered malignant although the patients did not
give consent for confirmatory biopsies. " These patients had overlapping
causes for their bed-bound status.

(n = 8; 16%), being bed-bound with poor functional
status (n = 25; 50%) or chronic end-stage organ failure
(n =15; 30%). These clinical risk categories overlapped
with each other. Among the eight stroke victims,
six (75%) had brain infarcts while two (25%) had
intracerebral haemorrhages. Four of the stroke victims
(50%) had atrial fibrillation, although they had either
stopped taking or had never taken anticoagulants.
Of the patients who were bed-bound, 10 cases (40%)
had overlapping risk conditions: recent massive stroke
(n = 4; 16%), terminal malignancy (n = 4; 16%) and
advanced cardiac failure/crippling chronic obstructive
pulmonary disease (n = 2; 8%). However, bed-bound
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Table 3: Estimated healthcare costs of potential ‘do not
resuscitate’ patients who survived at least one attempt at
cardiopulmonary resuscitation at Sultan Qaboos Hospital,
Salalah, Oman (N = 20)

Total cost in OMR (USD)
Total 25th 75% IQR
percentile  percentile

Variable
Medications 4,698.0 - 117.5 117.5

($12,215.0) ($305.5)  ($305.5)
Laboratory 4,120.0 - 285.5 285.5
investigations  ($10,712.0) ($742.3) ($742.3)
Imaging 710.0 - 56.5 56.5
studies ($1,846.0) ($146.9) ($146.9)
Minor 450.0 - - -
procedures ($1,170.0)
Hospital stay 5,090.0 40.0 300.0 260.0
in an ICU/ ($13,234.0) ($104.0) ($780.0) ($780.0)
HDU
Aggregate 15,068.0 - - -
cost ($39,178.0)
Average cost 753.4 40.0 848.0 808.0
per patient ($1,958.9) ($104.0) ($2,204.8)  ($2,100.8)

OMR = Omani riyals; IQR = interquartile range; ICU = intensive care unit;
HDU = high dependency unit.

status was a stand-alone risk for the remaining 15 bed-
bound patients (60%). Among all of the bed-bound
patients, the overlapping causes of immobility included
previous strokes, (n = 8; 32%), advanced dementia (n =
5; 20%), fractures of the femur or pelvis (n = 3; 12%) or
a multifactorial cause (n = 12; 48%) including senility,
severe osteoarthritis, degenerative spine disease and
diabetes with neurovascular complications [Table 2].
The majority of patients could not be revived during
index CPR (n = 30; 60%). The remaining 20 patients
(40%) were resuscitated successfully with index CPR
but subsequently died; 14 patients (70%) died within
24 hours and only six (30%) survived more than 24
hours (range: 1-31 days). All of these patients required
post-CPR ventilator support and intensive care; they
remained on ventilators for an average of 5.6 days
(aggregate: 112 days) before dying. Four patients (20%)
survived >15 days but remained ventilator-dependent.
Only one of the patients was taken off the ventilator
before death; she was a 54-year-old woman who had
been vegetative for eight months and had been weaned
onto a T-piece after 16 days of ventilation, despite still
being on vasopressors. She arrested again four days
later and underwent three further CPR attempts in the
following 20 hours before dying. All of these patients
underwent yet another CPR attempt prior to death;
three patients (15%) underwent resuscitation three
times following the index CPR. Six of the index CPR
survivors (30%) had been on a ventilator prior to

cardiac arrest for a mean duration of 10 days (range:
4-15 days).

Table 3 shows the estimated post-resuscitation
healthcare costs for the index CPR survivors. The total
cost was approximately Omani riyals (OMR) 15,068.0
(USD $39,178.0), with an average cost of OMR 753.0
(USD $1,958.9) per patient. Patients with prolonged
hospital stays with ventilator support were responsible
for most of the costs; one-third of costs were attributed
solely to stays in high-care units alone.

Discussion

According to Lipsky, four possible indications exist for
dispensing a DNR order: futility of treatment, poor
quality of life, patient wishes and cost.” In the current
study, three criteria were used to categorise patients as
potential DNR cases. While two of these criteria are
relatively straightforward to assess (vegetative state or
terminal illness), determining whether CPR is likely to
be successful depends on the clinical judgment of the
treating physician. Usually, the decision is not difficult,
especially as the patient approaches a terminal state.
However, some cases may be more complicated. In
the current study, the majority of patients met more
than one criterion for DNR eligibility; most of these
patients were considered eligible for DNR due to both
a terminal illness and a low chance of CPR success.
However, no comparative data from other studies
could be found. According to Wenger et al., DNR
orders are more frequently issued to older patients,
those with dementia and women.® While very few of
the patients in the current study were below the age of
50 years old, not many of the patients suffered from
dementia and there were more male cases than female.

In the current study, patients were assessed
according to four clinical risk categories deemed
predictive of a poor prognosis. Half of the cohort were
bed-bound, although many of these patients also fell
into other risk factors. The term bed-bound is clinically
vague; nevertheless, it appears useful for its additive
risk due to the predisposition of bed-bound patients
to develop severe infections, including aspiration
pneumonia, urinary tract infections, infected pressure
sores and hospital-acquired infections. Bed-bound
patients are also prone to other conditions such
as venous thromboembolisms, poor nutrition and
bleeding due to antithrombotic administration.
Sepsis was also a major factor among the subjects
in the current study. As it is usually treatable, it was
not included as a risk category; however, with an
underlying critical illness, it can be fatal. While each
patient is different, certain negative prognostic features
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such as the ones used in the current study may serve to
translate into a simplified DNR score. Further research
is recommended in this area.

It is important to note that none of the potential
DNR patients in the current study survived even if
they were successfully resuscitated during index CPR.
In a study of ICU patients who underwent CPR after
cardiopulmonary arrest, Tian et al. calculated an
overall survival-to-discharge rate of 15.9%.2' However,
patients on vasopressors were half as likely to survive
and mechanical ventilation and older age (=65 years
old) were associated with even lower rates of survival.
More than half of the survivors were discharged to
rehabilitation centres and only 3.9% were discharged
home.?! In comparison, the findings of the current
study may seem disappointing; nevertheless, it is
important to note that the patients in Tian et al’s
study were not categorised as eligible for a DNR order.
Appropriate case selection is therefore a significant
factor in guiding CPR prognosis.

In the present study, survivors of the index CPR all
required prolonged ventilatory support, with several
patients remaining on a ventilator for over 24 hours.
Prolonged ICU care and mechanical ventilation is
potentially a source of suffering for both the patient
and their family; this type of care is also labour-
intensive on the part of healthcare staff. Additionally,
these patients require beds in ICUs or other high-care
areas, which are often in finite supply. Almost half of
the cohort in the current study had already been on
ventilatory support prior to index CPR for a significant
duration of time (aggregate: 218 days) and were already
in a critical care area before the initiation of index
CPR. Assuming these patients had had DNR orders to
begin with, a ceiling-of-care, short of ventilation, could
have been established, potentially increasing available
resources for other patients. Overall, the estimated
cost of post-resuscitation care in the current study
was very high; however, it is important to note that the
actual total costs involved with futile or inappropriate
care of terminally-ill patients is likely much higher.

Patients with a DNR order deserve the same
standard of care as any other patient, short of CPR;
in addition, DNR orders should be revoked if clinical
conditions change. Unfortunately, there is evidence
that DNR orders are often broadly applied to other
therapies. Beach et al. found that patients with a DNR
order were less likely to be transferred to an ICU or
to be intubated and that their treating physicians
were less willing to draw blood cultures, place central
lines or prescribe blood transfusions.?? Brizzi et al.
reported that negative prognostic factors such as
advanced age, low consciousness levels, history of
a previous stroke, midline shift or intraventricular
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haemorrhage led to a DNR order among patients with
intracerebral haemorrhage; moreover, DNR orders
were independently associated with a 3.5-fold increase
in one-month mortality.”® In this case, early DNR orders
may have been used as a justification for an overall
decrease in the aggressiveness of care, leading to higher
mortality. Similarly, Scarborough et al. reported that
preoperatively-issued DNR orders were a risk factor
for mortality after emergency general surgery; this is
likely because such patients do not undergo aggressive
treatment for major postoperative complications.*
Policies and attitudes towards DNR orders vary
according to country. In the UK, DNR orders remain
clinical decisions; however such decisions should be
individualised with an avoidance of blanket policies
and attempts should be made to involve patients in the
decision-making process.” In the USA, the situation
is different as there is a presumption in favour of
resuscitation if a DNR order is not already in place;
if made, the orders are established in consultation
with the patient or their legal representative.® The
AHA recommends resuscitation for all patients in
cardiac arrest unless there is a valid DNR order or if
resuscitation is physiologically futile (e.g. if a patient
shows signs of irreversible death).” In 1976, the
Natural Death Act was enacted in California, USA, to
protect a patient’s right to opt for a natural death with-
out CPR.*® Several years later, the Patient Self-
Determination Act was implemented to ensure that
healthcare institutions in the USA would recognise
and conform to advance DNR directives.” In Taiwan,
most terminal patients were taken home to die in
accordance with local customs until 2000, when the
Hospice Care Law which includes legislation regarding
natural death was enacted.?” Subsequently, DNR orders
were found to be on the rise among Taiwanese patients
who had been ill for a long period of time or who had
solid tumours.* In Japan, physicians can institute DNR
orders without consulting the patient’s family if they
feel that CPR is unjustified and futile.*® There are no
national guidelines regarding DNR orders in Denmark;
however, patients must generally give informed
consent before DNR orders are implemented.® In
Saudi Arabia, a DNR order can only be applied in
consultation with the patient’s family.® Overall, CPR
seems to be the only medical intervention whereby
consent is automatically assumed—based on implied
consent for emergency treatment—and a medical
order required in order to withhold its administration.
The authors of the current study favour the
approach towards DNR implemented in the UK.
While CPR is not indicated in every case of cardiac
arrest and natural death should be allowed in certain
circumstances, the patients and their families should
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be involved in the discussion. It has been suggested that
changing the wording of DNR orders to ‘allow natural
death’ may make the order more descriptive and less
threatening.** Nevertheless, while communication
with patients and their families can facilitate care
planning, the extent that the message is understood
may be affected by cultural and racial factors;
according to Mack et al, end-of-life discussions
(terminal illness awareness, treatment preferences
and DNR orders) benefited Caucasian patients but not
African American patients.®

One of the major limitations of this study was the
retrospective classification of DNR eligibility status
based on data collected from medical records and
consultations with each patient’s treating team. This
process of case selection raises concerns of potential
bias in case selection. Additionally, as this was a single-
centre study, the results cannot be generalised to other
institutions. However, despite these limitations, the
findings of this study imply that CPR is ineftective in
selected cases which can be identified with a set of
predetermined criteria.

Conclusion

Although often life-saving, CPR is not beneficial in
many cases. Allowing death to occur naturally can
save undue suffering on the part of a terminally-ill
patient and their family and reduce the burden on the
healthcare system as a whole. Within institutions, the
adoption of a DNR policy may reduce healthcare costs
both directly and indirectly, as it establishes grounds
for the concept of ceiling-of-care and appropriate
case-specific treatment options.
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