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Abstract

Purpose There is a paucity of literature on anesthetic drug
shortages and their impact on patient safety in lower-
middle-income countries. We sought to determine the
magnitude of the problem, the effect on patient care and
safety, and the adverse patient outcomes witnessed by
anesthesiologists in Pakistan

Methods We conducted a nationwide, multicentre, cross-
sectional survey of a representative sample of
anesthesiologists in Pakistan (January 2021 to June
2021). The survey questionnaire was adapted from the
American Society of Anesthesiologists (ASA) survey on
drug shortages and was modified based on the national
essential medication list 2018 of Pakistan.
distributed through Google Forms to anesthesiologists
practicing in both the private and government sector. The
names of hospitals or the identity of anesthesiologists was
not required. The questionnaire consisted of 20 items and
focused on the anesthesiologists’ experience of drug
shortages, the availability of drugs, and the impact of
drug shortages on their individual practice.

It was
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Results Two hundred and forty-six responses were
received. Approximately 50% (122/246) of anesthesia
practitioners in Pakistan reported anesthetic drug
shortages. Fifty-seven percent of respondents mentioned
using an inferior drug that may have significantly affected
the delivery of anesthetic care. Four participants
mentioned severe morbidity and another four mentioned
observing a mortality associated with drug shortage.
Conclusion Anesthetic drug shortages are common in
anesthetic practice in Pakistan and they appear to affect
patient care and outcomes.

Résumé

Objectif 1l existe peu de litterature sur les penuries de
medicaments anesthesiques et leur impact sur la securite’
des patients dans les pays d revenu intermediaire ou faible.
Nous avons cherche’ d determiner I’ampleur du probleme,
Ueffet sur les soins et la securite des patients ainsi que les
issues indesirables observees par les anesthesiologistes au
Pakistan.

Méthode Nous avons mené une enquéte transversale
multicentrique d 1’echelle nationale aupres d’un echantillon
representatif d’anesthesiologistes au Pakistan (janvier 2021 a
juin 2021). Le questionnaire de l'enquéte a ete” adapte” de
U’enquéte de I’American Society of Anesthesiologists (ASA) sur
les penuries de medicaments et a ete’ modifie en fonction de la
liste nationale des medicaments essentiels 2018 du Pakistan. 11
a ete distribue” via Google Forms aux anesthesiologistes
exercant dans les secteurs prive’ et gouvernemental. Les noms
des hopitaux et 'identite’ des anesthesiologistes n’etaient pas
demandes. Le questionnaire comprenait 20 elements et portait
sur I’experience des anesthesiologistes en matiere de penuries
de medicaments, la disponibilite’ des medicaments et 'impact
des penuries de medicaments sur leur pratique individuelle.
Résultats Deux cent quarante-six reponses ont ete regues.
Environ 50 % (122/246) des praticiens anesthesistes au
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Pakistan ont signale’ des penuries de medicaments
anesthesiques. Cinquante-sept pour cent des repondants
ont mentionne avoir utilise€’ un medicament de qualite
inferieure qui pourrait avoir eu une incidence significative
sur la prestation des soins anesthesiques. Quatre
participants ont mentionne une morbidite’ grave et quatre
autres ont mentionne avoir observe une mortalite’ associee
d une penurie de medicaments.

Conclusion Les penuries de medicaments anesthesiques
sont courantes dans la pratique anesthesique au Pakistan
et semblent affecter les soins aux patients et les devenirs.

Keywords anesthetic drugs - developing countries -
patient safety

Medication shortages are presently a global issue in both high-
income countries (HIC) and low-middle-income countries
(LMICs) and have both quality and financial ramifications."
These can be compounded further in some countries by
additional issues of import, licensing, government policies, and
problems in local manufacturing.” Anesthesia as a specialty is
particularly affected by shortages because they can have a
significant effect on patient safety.>* In spite of this, there is a
paucity of data in anesthetic literature, particularly from
LMICs.

Pakistan is a LMIC located in South Asia with a
population of approximately 208 million.” A few studies
by local pharmacists have discussed medication shortages
with a focus on the production and distribution of
medication,” but there are little evidence-based data
highlighting the actual shortages faced by the
anesthesiologists. An editorial published in the only
anesthetic journal in Pakistan in 2009 had focused on the
unavailability of essential anesthetic drugs in the country.
Another editorial published in the same journal in 2019
pointed out that data need to be available on the magnitude of
the problem to tackle drug shortages and for strategies to be
recognized.®’

As there was no prior information available from the
end-users on anesthetic drug availability, we sought to
undertake a nationwide survey of anesthesiologists in the
country to determine the magnitude of the problem, its
effect on patient care and safety, and adverse patient
outcomes witnessed in their practice.

Methods

We conducted a multicentred cross-sectional survey between
January 2021 and June 2021 among anesthesiologists
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practicing in different secondary and tertiary public or private
sector hospitals in Pakistan.

The questionnaire was adapted from the American
Society of Anesthesiologists (ASA) drug shortages
survey'® and was modified based on the 2018 national
essential medication list of Pakistan'' and the 2019 World
Health Organization (WHO) essential drug list.'"> Other
locally used medications were added to the list. The
modifications were done with the help of two other
consultant anesthesiologists who reviewed the tool and
gave their recommendations. After this, we pretested the
survey in our own institution (sample size, 10). The
questionnaire consisted of three different sections. The first
section included a brief explanation of the study and
informed consent. The second section covered the major
demographic variables related to the institution of practice,
province, working hours, and years of anesthesia experience.
The names of hospitals or the identity of anesthesiologists
was not required. A coded list of anesthesiologists’ e-mails
was kept by the principal investigator. The third section
focused on the anesthesiologists’ experience of drug
shortages, drug unavailability, and the impact of drug
shortages on their individual practice at the time of filling
in the survey. More than one answer was possible to
questions in the third section. An option for open-ended
suggestions for other drugs they felt should be available for
anesthetic use in Pakistan was also included. The
questionnaire was in English since the language is widely
spoken and understood in the scientific community in
Pakistan. It consisted of 20 items (Electronic
Supplementary Material, eAppendix).

A waiver was requested and obtained from the ethical
review committee of The Aga Khan University to
administer this noninterventional survey. A list of
hospitals was obtained from the Pakistan Bureau of
Statistics.'® Purposive sampling was used to select
hospitals from each province, i.e., Sindh, Punjab,
Baluchistan, and Khyber Pakhtunkhwa. The criteria of
the sampling were to select a mix of both government-
owned and private hospitals from different administrative
divisions of the four provinces, so as to represent
anesthesiologists from all over the country. E-mail
addresses of anesthesiologists were obtained from the
Pakistan Society of Anesthesiologists’ resources. The
questionnaire was distributed via Google Forms to
anesthesiologists working in these hospitals in all four
provinces. An electronic survey link to the Google form
was sent by e-mail. Each questionnaire was accompanied
by a cover letter in English, explaining the purpose of the
survey and a separate consent form to be signed by the
individual anesthesiologists. In case of no response to the
initial e-mail, two reminders were sent after 30 and 45
days. Only participants who had more than two years of
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training in anesthesia were included in the study. Not more
than two anesthesiologists from one hospital were
included. No incentives were offered to complete the
survey.

Data analysis

All data were entered and analyzed through IBM SPSS
Statistics for Windows version 23.0 (IBM Corp., Armonk, NY,
USA). We used descriptive statistics to evaluate the data.

Results

We received 246/350 responses, representing a return rate
of 70%. In total, the sample represented 196 hospitals in
Pakistan.

Table 1 shows the provincial distribution, type of
hospitals, and anesthetic work experience of the surveyed
population. Sixty-five percent of the anesthesiologists were
from Punjab. Eighty-seven percent were working more
than five days per week in the operating rooms. The
majority (96%) were also administering anesthesia for
emergency surgeries in their practice.

Report on drug shortages

All responders described a current shortage of one or more
anesthesia drugs. Drugs that were reported short by more
than 50% of anesthesiologists are shown in the Figure.
These shortages reflect a period of six months from January
2021 to June 2021. Table 2 shows the percentage of
anesthesiologists who reported the shortage of each
medication.

Effect of COVID-19 on drug shortages

Approximately half of the respondents (122/246, 50%)
reported that, since the onset of the COVID-19 pandemic,
they had experienced further shortage of anesthetic drugs
in their workplace.

Impact of drug shortages

The impact of drug shortages as reported by the
anesthesiologists is shown in Table 3. This question had
more than one possible answer. Fifty-seven percent of
anesthesiologists reported using an inferior anesthetic drug
because a better agent was not available. Table 3
summarizes the different ramifications due to drug
shortages. Forty-four percent of participants noted that
drug shortages had increased the cost of anesthesiology in

their hospital. As regards patient care, the unavailability of
drugs led to mortality in four reports (2%).

Discussion

The World Health Organization has stated that medication
shortages are a less-investigated issue in LMIC. They
further state that access to essential medications is an
indicator of the right to health.'* In our survey,
approximately one out of two anesthesia practitioners in
Pakistan reported anesthetic drug shortages of some kind in
their workplace during the first six months of 2021. Fifty-
seven percent of respondents mentioned using an inferior
drug that may have affected the delivery of anesthetic care.
There were four reports of severe morbidity and another
four of having observed a mortality associated with drug
shortages. We explain the anesthesia setup in Pakistan at
the end of the Discussion.

Anesthetic drug shortages often have adverse outcomes
because not all therapeutic substitutes are equivalent.'> A
marker of quality in anesthetic care is the prevention of
adverse postoperative outcomes such as postoperative
nausea and vomiting.'®  Forty-four percent of
anesthesiologists in our survey reported a shortage in
antiemetic drugs like ondansetron, and 23% reported an
increase in postoperative nausea and vomiting. As noted, in
four cases of drug shortage, the outcome was patient
mortality. We do not have details of these reports because
of the nature of the survey, but the statements reflect the
negative effect of drug shortages perceived by our
participants.

Regarding the economic cost of drug shortages, nearly
half of participants reported that drug shortages increased
the cost of anesthesiology in their department. This has
been pointed out in other surveys from HIC."” The cost of
care in these cases may be increased for various reasons,
such as the difference in cost between the original drug and
the substituted drug, increased labor costs, increased time
investments by the pharmacy, delays in getting the
substitutes, and cancelations due to drug unavailability.

Seventeen percent of participants in our study reported
using less familiar agents. This could explain the drug
errors reported by 8% of respondents, but we cannot
confirm this because of our survey design. Drug shortages
can increase medication errors as pointed by other
authors.'® In our survey, 36% of participants said that
drug shortages increased the operating time and
postoperative recovery time and delayed discharge from
the hospital. These results are consistent with those of other
studies that drug shortages are associated with an extended
stay in the hospital.'"®'? Other reasons for a longer
operating time are delays getting substitute drugs from
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Table 1 Demographic data, experience, and affiliations of anesthesiologists

Variable

N =246

Hospital affiliation, n/total N (%)
Private
Government
Information unavailable
Teaching institutions (private or government)
Provincial distribution, n/total N (%)
Sindh
Punjab
Baluchistan
KPK
Years of anesthesia experience, n/total N (%)
Less than 5 years
6-10 years
11-15 years
16-20 years
More than 20 years
Operating room exposure (days/week), n/total N (%)
Three or less than 3 days/week
4 days/week
Five or more than 5 days/week
Participation in emergency surgery, n/total N (%)
Yes
No

88/246 (36%)
128/246 (52%)
30/246 (12%)
98/246 (40%)

641246 (26%)
159/246 (65%)
71246 (3%)
15/246 (6%)

88/246 (36%)
50/246 (20%)
641246 (26%)
19/246 (8%)
21/246 (9%)

12/246 (5%)
20/246 (8%)
214/246 (87%)

236/246 (96%)
10/246 (4%)

Teaching hospitals refer to institutions that are recognized for teaching and training in the discipline of anesthesia and include both private and

government hospitals.
KPK = Khyber Pakhtoonkhwa

the pharmacy, complications caused by incorrect drug
administration, and prolonged effects of the substituted
drug.

Even before the COVID-19 pandemic, Pakistan was
struggling with a drug shortage due to a lack of regulatory
policies and financial constraints.®’” The burden of the
pandemic has exacerbated the crisis further, with panic
buying and hoarding of drugs like methylprednisolone,
chloroquine, ivermectin, and azithromycin—drugs that
were needed to manage COVID-19 cases in critical care.?”

Similar surveys have been reported from Canada and the
USA:>* however, we were unable to find a similar survey
from our region. In the USA survey, medications that were
unavailable to more than 50% of anesthesiologists were
neostigmine and thiopental. The Canadian survey (2013)
used a different methodology and looked at trends over
four time intervals. Drug shortages reported in the previous
12 months were ephedrine (27.5%), propofol (17.9%), and
succinylcholine (13.5%). In our survey, the availability of
relatively newer drugs like rocuronium, sevoflurane, and
ropivacaine was more of an issue. Halothane shortages are

@ Springer

understandable as its production decreased after the
introduction of isoflurane and sevoflurane; however, it is
still used by some because it is cheaper. Availability of
opioids is a chronic issue in our country.®® Fentanyl is
imported but it is only available in a few teaching hospitals.
Alfentanil and remifentanil are not yet approved in
Pakistan. Lack of availability of short-acting opioid
analgesics results in substitution for long-acting drugs
like nalbuphine or tramadol for both intraoperative and
postoperative analgesia. This increases the recovery time
and postanesthesia recovery room stay. Morphine is locally
manufactured and cheap, but morphine and fentanyl are
tightly controlled by the national drug regulatory authority,
which issues only a set quota to individual hospitals for the
whole year. No further quota are issued if the yearly quota
is used up. Nickerson er al®' reviewed the access of
controlled medications in LMIC and commented on
restrictive national laws and policies present in many of
the countries. They emphasized the role of the anesthesia
community in collaborating with policy makers to improve
access to controlled medications.”!
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Figure Drug shortages reported by more than 50% of anesthesiologists (January 2021-June 2021)

Shortage of oxygen and nitrous oxide probably reflects a
local procurement issue in government institutions as the
purchase mechanism there is more bureaucratic than that in
private hospitals. This is not due to production or cost. Lack of
oxygen, as reported by 35% of our respondents, leads to
cancelation of cases. Nitrous oxide shortages are particularly
important in the absence of potent opioids. In such
circumstances, most hospitals use 100% oxygen as the carrier
gas as medical air is not freely available. Unavailability of
nitrous oxide and potent opioids results in more hemodynamic
variations than when air is used with less potent analgesics.
Long-term use of high-percentage oxygen also leads to
generation of free radicals and lung injury.*

Some respondents specifically commented on the
unavailability of drugs in secondary care government-
owned hospitals, while they were available in teaching
hospitals.

Regarding requests for other drugs, the majority requested
short-acting synthetic opioids such as remifentanil. It is
surprising to note that a very small number requested
dantrolene, which is not on the formulary and is not available
in Pakistan. Dexmedetomidine was added to the formulary in
2021 and is currently freely available.

A recent qualitative study explored the regulatory and
supply hurdles for drug shortages in Pakistan and identified

shortages of raw materials, nontraditional distribution, and
sudden fluctuations in demand as the main hurdles.”* They
did not include physicians in their survey. Drug-related
policies are implemented by the Drug Regularity Authority
of Pakistan.”* Which of these issues applies to anesthetic
drugs needs to be explored further. Our survey did not
explore the reasons for these drug shortages because this is
not under the control of anesthesiologists; we focused on
the extent of the problem and the type of drugs that are in
short supply.

Strengths and limitations

A strength of our study is its national scope. Although not
all anesthesiologists or hospitals in Pakistan were included,
a representative sample was taken from each province. The
differences in sample size reflect the differences in
population size of the provinces.

This study has some limitations. First, the results were
likely affected by recall bias, which is common in such
surveys. Second, we did not examine the duration of or
reasons for drug shortages. Third, we did not ask about the
details of severe morbidity and mortality. Finally, we did
not differentiate between secondary and tertiary hospitals.
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Table 2 Percentage of anesthesiologists who reported drug shortages by medication

Category

Drug shortage
N =246

Induction agents
Propofol, n/total N (%)
Thiopentone, n/total N (%)
Etomidate, n/total N (%)
Ketamine, n/total N (%)
Inhalational agents and anesthetic gases
Isoflurane, n/total N (%)
Sevoflurane, n/total N (%)
Halothane, n/total N (%)
Nitrous oxide, n/total N (%)
Medical Air, n/total N (%)
Oxygen, n/total N (%)
Neuromuscular receptor blocking drugs
Rocuronium, n/total N (%)
Atracurium, n/total N (%)
Cis-atracurium, n/total N (%)
Succinylcholine, n/total N (%)
Opioids
Fentanyl, n/total N (%)
Morphine, n/total N (%)
Remifentanil, n/total N (%)
Pethidine, n/total N (%)
Local anesthetics
Ropivacaine, n/total N (%)
Bupivacaine, n/total N (%)
Lidocaine, n/total N (%)
Lidocaine with epinephrine, n/total N (%)
Sedatives
Dexmedetomidine, n/total N (%)
Midazolam, n/total N (%)
Other drugs
Lipid emulsion, n/total N (%)
Glycopyrrolate, n/total N (%)
Ondansetron, n/total N (%)
Naloxone, n/total N (%)
Ketorolac, n/total N (%)
Neostigmine, n/total N (%)
Paracetamol*, n/total N (%)
Dexamethasone, n/total N (%)
Heparin, n/total N (%)
Metoclopramide, n/total N (%)
Hydrocortisone, n/total N (%)

89/243 (37%)
140/243 (58%)
151/243 (62%)
781243 (32%)

87/237 (37%)
116/237 (49%)
140/237 (59%)
109/237 (46%)
87/237 (37%)
83/237 (35%)

154/232 (66%)
90/232 (39%)
119/232 (51%)
85/232 (37%)

157/246 (64%)
1421246 (58%)
151/246 (61%)
142/246 (58%)

127/203 (63%)
85/203 (42%)
84/203 (41%)
69/203 (34%)

121/156 (78%)
88/156 (56%)

130211 (62%)
90/211 (43%)
92/211 (44%)
917211 (43%)
86/211 (41%)
85/211 (40%)
85/211 (40%)
84/211 (40%)
76/211 (36%)
76/211 (36%)
731211 (35%)

* Acetaminophen
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Table 3 Number of anesthesiologists who reported the impact of drug shortages

Impact of drug shortage

n/total N (%)
N =246

Use of inferior drugs
Modification of anesthetic or surgical procedure

Use of alternative drugs with adverse impact on patient care

Longer operating room time, postoperative recovery, or ICU admission

Postponement of cases

Cancelation of cases

Witnessed drug error as a result of the frequent substitution
Mortality

Major morbidity

No impact

139/246 (57%)
104/246 (42%)
98/246 (40%)
88/246 (36%)
26/246 (11%)
14/246 (6%)
19/246 (8%)
41246 (2%)
41246 (2%)
38/246 (15%)

Anesthesia services in Pakistan

The College of Physicians and Surgeons of Pakistan is
responsible for training anesthesia specialists in Pakistan. It
offers two types of structured, competency-based training:
a four-year fellowship (FCPS) and a two-year membership
basic training diploma (MCPS). Both cadres can practice as
consultants in hospitals, FCPS holders in teaching hospitals
and MCPS holders in peripheral hospitals. The licensing
body is the Pakistan Medical Council.

Healthcare in Pakistan is provided by both public and
private sector hospitals. The two systems run in parallel.
Either of these hospitals could be teaching or non-teaching.
Public hospitals are three-tiered, primary, secondary, and
tertiary, with anesthesia services required in the secondary
and tertiary hospitals. Public sector is financed by the
government and the public healthcare structure is
organized according to 37 administrative divisions. The
distribution of anesthesiologists between these hospitals is
not known.

Conclusion

In conclusion, drug shortages are common in anesthetic
practice in Pakistan and appear to affect patient care and
outcomes. There is a need to explore underlying factors
further to frame a strategy for prevention.
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