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INTRODUCTION

Sickle cell disease (SCD) is one of  the most common 
genetic disorders, affecting >300,000 children every year 

worldwide, with an expected increase in prevalence in 
the coming years.[1,2] SCD is characterized by chronic 

Introduction: Vaso-occlusive crisis (VOC) is one of the main causes of hospital admission in patients with 
sickle cell disease (SCD). Ketamine is often used as an adjuvant to opioids to control sickle cell crisis; 
however, there is a lack of evidence about its safety and efficacy for VOC in SCD patients.
Objective: To synthesize evidence from published reports about the efficacy and safety of ketamine in the 
management of acute painful VOC in both pediatric and adult SCD patients.
Methods: A systematic literature search of PubMed, Scopus, Web of Science, EBSCO and Cochrane Library 
was conducted, up to March 2019. Studies reporting the analgesic effects and side effects of ketamine 
in the management of acute painful VOC in pediatric and adult SCD patients were included. The primary 
outcome measure was improvement in pain scale, and the secondary outcomes were reduction in opioid 
utilization and side effects. Studies were narratively summarized in this review.
Results: Fourteen studies (with a total of 604 patients) were included in the final analysis. Several case 
reports and case series showed that ketamine significantly reduced pain scales and opioid utilization in 
both populations. The only randomized controlled trial available showed that ketamine was noninferior 
to morphine in reducing pain scores, but had a higher incidence of nonlife-threatening, reversible adverse 
effects. However, a retrospective study of 33 patients showed a higher pain score in the ketamine group 
with an acceptable short-term adverse effect.
Conclusion: Ketamine has a potentially comparable efficacy with other opioids in reducing the pain 
during VOC in SCD patients. However, it also likely has a higher rate of transient adverse events. Owing 
to the lack of published randomized controlled trials, current evidence is not sufficient to confirm 
the safety and efficacy of ketamine. Future well-designed randomized controlled trials are strongly 
recommended.
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anemia, organ damage and acute manifestations such 
as stroke, acute chest syndrome and severe bacterial 
infections.[3] Acute vaso‑occlusive crisis (VOC) is the 
hallmark complication of  SCD and is responsible 
for >90% of  acute hospital admissions in SCD.[4,5] These 
pain episodes occur as a result of  tissue ischemia, caused 
by vessel occlusion by sickled red blood cells. They are 
common in the extremities, back, joints, abdomen and 
chest.[6]

Traditional pain control in VOC involves intravenous (IV) 
hydration combined with nonsteroidal anti‑inflammatory 
drugs and opioids,  often del ivered through a 
patient‑controlled analgesia pump.[7] Opioids modulate 
analgesia through mu receptor activation and substance 
P inhibition in presynapses. Prolonged opioid utilization 
abnormally activates N‑methyl D‑aspartate (NMDA) 
receptors in central neurons and stimulates synapses 
between nociceptive C fibers and neurons in the spinal 
cord. This causes hyperalgesia and opioid tolerance, which 
lead to opioid‑refractory pain.[8‑10]

Ketamine was developed as a general anesthetic in the 
1960s. After a decade of  its approval by the US Food and 
Drug Administration, researchers found that ketamine 
antagonizes NMDA receptors in the central nervous 
system, which produces a dissociative anesthesia effect.[11] 
Further, ketamine has been shown to modulate hyperalgesia 
and opioid‑related tolerance in the management of  chronic 
pain in malignancy, neuropathic pain and postoperative 
pain.[12‑14] During SCD crisis, ketamine infusions have 
been found to reduce pain in pediatrics and adults.[15‑17] 
Ketamine can be given through the oral, IV, intramuscular, 
subcutaneous, epidural, transdermal or intraarticular route, 
but the IV route is the most common route.[18]

Although the conclusive clinical evidence on its use in VOC 
is lacking, clinicians from different disciplines continue to 
use ketamine as an adjunct to opioids in managing acute and 
chronic pain.[19,20] Some argue that with less effective drug 
choices, one may substitute for less studied approaches such 
as ketamine infusions. Therefore, this systematic review was 
conducted to answer the following research question: in 
patients with acute SCD crises, does the use of  ketamine 
reduce pain, opioid utilization and side effects compared 
with those on opioids alone/controls?

METHODS

This systematic review was conducted in accordance with 
the PRISMA guidelines.[21]

Literature search
We searched PubMed, Scopus, Web of  Science Core 
Collection, EBSCO (all databases) and Cochrane 
Library to identify relevant studies from 1970 up to 
31st March 2019, when the search was carried out. 
MESH terms and the free‑text criteria were used for 
each database using the following keywords: (ketamine 
OR “N‑methyl‑D‑aspartate receptor” OR NMDA 
OR “ketamine hydrochloride”) AND (“Sickle cell 
disease” OR “SCD” OR “sickling disorder” OR “sickle 
hemoglobin” OR (HbS) OR “vaso‑occlusive crises” 
OR “sickle cell crisis” OR “vaso‑occlusive episode” OR 
“vaso‑occlusive crisis” OR (VOC) OR (pain). No filters 
were applied for language and country of  origin.

Eligibility criteria
We included studies that met the following criteria:

Study design
Randomized controlled trials and observational 
studies (including case reports, case series, single‑arm 
studies, and comparative studies). Data from conference 
abstracts were also included.

Population
Children and adult patients with acute painful SCD crises.

Intervention
Ketamine at any dose and by any route.

Comparator
Opioids or any control.

Outcomes
Primary outcome measured was the pain scale and 
secondary outcomes were opioid utilization and rate of  
side effects.

We excluded animal studies, reviews and studies with other 
types of  pain or complications in SCD patients other than 
VOC.

Study selection
The records retrieved from the searches were imported 
into Endnote X7 (Clarivate Analytics, Philadelphia, 
PA, USA). The same software was used for managing 
references and omitting duplicates. Both authors 
independently and in duplicate screened titles, abstracts 
and full texts for eligible articles, assessed risk of  bias 
and extracted data from each eligible study using a 
standardized Excel spreadsheet. Disagreements or 
uncertainties were resolved by consensus with a third 
independent reviewer.
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Data extraction and outcomes
Data extraction was carried out by both authors, with 
a third reviewer resolving any disagreement. The data 
collected were study characteristics (first author’s name, 
publication year and study design), sample population 
characteristics (number of  participants, mean age and 
gender), interventions (route of  administrations and dose) 
and the related outcomes including pain scale, opioid 
utilization and side effects rate.

Quality assessment
The risk of  bias of  the included randomized clinical trials 
was assessed according to the Cochrane Handbook of  
Systematic Reviews of  Interventions.[22] We evaluated the 
quality of  comparative observational studies using the 
Newcastle Ottawa Scale.[23] Each included study was assessed 
based on reporting three essential domains: (a) Selection 
of  the study subjects, (b) comparability of  groups on 
demographic characteristics and important potential 
confounders and (c) ascertainment of  the prespecified 
outcome (exposure/treatment). For case reports and 
case series, we used the Methodological Index for 
Non‑Randomized Studies, a validated 12‑point scale 
wherein the first 8 points that account for selection, 
ascertainment, causality, and reporting were used.[24]

Quantitative evidence synthesis
All included studies were grouped according to the study 
design and are presented in a table format. Results are 
reported and discussed narratively.

RESULTS

Search strategy results
In the initial database search, 1497 records were identified. 
Of  them, 1058 records remained after removing duplicates. 
After title and abstract screening, 20 articles were found to 
be initially eligible for inclusion, and their full texts were 
screened. Of  these, 14 articles met the inclusion criteria 
and were included for further analysis. The PRISMA flow 
diagram of  study selection is shown in Figure 1.

Baseline characteristics and risk of bias
Fourteen studies, including one clinical trial, one 
retrospective study, five case reports, four case series 
and three single‑arm observational studies, with a total 
of  604 patients were included in this systematic review. 
All articles were published in English between 2011 and 
2018. The age of  participants ranged from 7.5 to 42 years. 
Two studies included only pediatric patients,[15,25] three 
studies included pediatric and young adult patients,[7,26,27] 
and 9 studies included adult patients.[16,17,28‑34] The numeric 

rating scale was used to assess pain in 11 studies. The 
basic characteristics of  the included studies are shown 
in Table 1. The included randomized clinical trial was 
at low risk in terms of  selection bias, performance bias, 
detection bias, attraction bias and reporting bias.[25] The 
included retrospective study, case series and case reports 
showed a moderate to a high quality of  evidence. The 
summary of  the risk of  bias of  both included trial and 
observational studies is presented in Supplementary 
Tables 1‑3.

Qualitative evidence from published case reports
Five case reports were published about the role of  ketamine 
in VOC between 2011 and 2017. A case report of  a 
31‑year‑old male by Uprety et al. showed an improvement 
in the patient’s pain and opioid utilization after ketamine 
infusion.[32] Jennings et al. included a 38‑year‑old female with 
sickle cell thalassemia, administrated with oral ketamine on 
day 7 of  her admission due to VOC, since the introduction 
of  ketamine regimen her daily dose of  morphine decreased 
significantly without apparent side effect.[31] Further, Kerr 
et al. included a 33‑year‑old male, administrated with 
subanesthetic IV ketamine, and reported an improvement 
of  VOC. However, the patient experienced psychomimetic 
side effects after ketamine injection.[34] Meals et al. included 
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Figure 1: PRISMA flow diagram
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a 31‑year‑old male and showed that the patient’s pain 
was greatly diminished after the ketamine administration. 
Moreover, the required morphine dose was reduced on 
the 1st day after ketamine injection. Somnolence and 
horizontal nystagmus occurred immediately after the 
boluses of  ketamine and lasted for <10 min.[33] Gimovsky 
et al. included two pregnant women, treated with ketamine 
for SCD. The first patient showed no pain reduction, 
while the pain was resolved in the second patient.[30] No 
hemodynamically significant side effects were reported by 
Uprety et al., Jennings et al. and Meals et al.

Qualitative evidence from published case series
Four case series, enrolling a total of  29 patients, 
assessed the role of  ketamine in the management of  
VOC between 2010 and 2018. In adults, the most 
recent study by Palm et al. included five patients with 
sickle cell crisis and reported that ketamine significantly 
reduced the mean numeric pain scale score (7.2 vs. 
6.4) and opioid utilization (median reduction of  90 
mg morphine equivalents per patient).[17] Another case 
series by Hassell et al. included 10 patients and showed 
that ketamine infusion reduced pain scores from an 

Table 1: Summary of the qualitative and quantitative studies
First author, 
year of 
publication

Study 
design

Participants Interventions Outcomes
n Age Sex 

(male/
female)

Pain scale Primary outcomes Side effects

Lubega et al., 
2018[25]

Randomized 
controlled 
trial

120/120 
(240)

11.8 (3.5) 85/155 IV ketamine 1 mg/kg 
versus IV morphine 0.1 
mg/kg as an infusion 
over 10 min

NRS Pain scales and 
opioid consumption 
were reduced after 
ketamine take

Nystagmus and 
dysphoria were the 
commonest side 
effects

Neri et al., 
2014[7]

Retrospective 
study

33 15.6 
(7.5‑21.4)

11/22 Ketamine 0.1 mg/
kg/h and opioids versus 
opioid PCA

NRS Ketamine reduced 
pain scales and 
opioid use

Vivid dreams, 
delusions and 
dizziness

Nobrega 
et al., 2017[26]

Single‑arm 
observational 
study

85 15 (13‑17) 39/41 Ketamine infusion NRS, 
Wong‑baker 
faces or FLACC

Significant reduction 
in pain scales

No side effects 
were reported

Sheehy et al., 
2017[27]

Single‑arm 
observational 
study

181 ‑ ‑ Ketamine infusion 0.05‑1 
mg/kg/h

NRS, 
Wong‑baker 
faces or FLACC

Significant reduction 
in pain scale

No side effects 
were reported

Chu et al., 
2013[28]

Single‑arm 
observational 
study

30 ‑ ‑ Ketamine infusion ‑ Reduction in pain 
scale and opioid use

‑

Palm et al., 
2018[17]

Case series 5 25‑42 1/4 Ketamine, up to 5 µg/
kg/min

NRS Reductions in pain 
scale and opioid use

Reduced adverse 
events after 
ketamine

Hassel et al., 
2017[29]

Case series 10 ‑ ‑ Ketamine infusion NRS 91.7% of ketamine 
infusions reduced 
pain intensity scores 
and opioid intake

11.1% of ketamine 
infusions caused 
side effects

Tawfic et al., 
2014[16]

Case series 9 27±11 1/8 Ketamine, 0.2‑0.25 mg/
kg/h, plus 5 mg boluses

NRS Improvement of pain 
and IV opioid use

Nausea and 
vomiting

Zempsky 
et al., 2010[15]

Case series 5 13.4±2.96 1/4 Ketamine infusion, 
0.06‑0.2 mg/kg/h

NRS Improvement of 
pain, decreased 
opioid use in 40% of 
patients

Hypertension, 
unresponsiveness, 
nystagmus and 
dysphoria

Gimovsky 
et al., 2017[30]

First case 
report

1 25 Female Ketamine, 10 mg/h NRS No decrease in 
pain, but opioid 
requirements 
decreased

No serious maternal 
or neonatal adverse 
effects

Second case 
report

1 29 Female Ketamine, 10‑25 mg/h 
during the first day

NRS Pain resolved No serious maternal 
or neonatal adverse 
effects

Jennings 
et al., 2013[31]

Case report 1 38 Female Ketamine 15 mg 
oral every 6 h versus 
morphine

NRS Reduction in pain 
scale and opioid use

No side effects lead 
to discontinuation

Uprety et al., 
2013[32]

Case report 1 31 Male Ketamine infusion NRS Reduction in pain 
scale and opioid use

No side effects lead 
to discontinuation

Meals et al., 
2011[33]

Case report 1 31 Male Low dose ketamine 
infusion

‑ Pain scale was 
reduced

No side effects lead 
to discontinuation

Kerr et al., 
2011[34]

Case report 1 33 Male Ketamine, started at 
0.08 mg/kg/h, titrated 
to 18 mg/h over 48 h

VRS Significant decrease 
in pain score

Minimal discomfort

NRS – Numeric Rating Scale; FLACC – Face, legs, activity, cry and consolability; PCA – Patient‑controlled analgesia; IV – Intravenous; VRS – Verbal 
Rating Scale
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average of  7.88 to 4.25 out of  10 and reduced opioid 
use. About 11.1% of  ketamine injections caused side 
effects, including hallucinations and vomiting that 
led to discontinuation.[29] A case series by Tawfic et al. 
reported an improvement in pain scores after adding 
ketamine–midazolam injection (P = 0.01). In addition, 
the morphine requirement was significantly lower 
after adding this regimen. One patient developed 
psychotomimetic manifestation after starting ketamine.[16]

In 2010, a case series by Zempsky et al. included five children 
treated with low‑dose ketamine infusion for sickle cell 
VOC. Two of  the five patients achieved clinically significant 
pain control. One additional patient had a significant 
reduction in opiate utilization. Two patients experienced 
adverse effects including dysphoria, unexpected nystagmus, 
hypertension and unresponsiveness.[15]

Qualitative evidence from observational studies
Three single‑arm observational studies assessed the role 
of  ketamine in VOC, with a total of  296 patients. Sheehy 
et al. reported that subanesthetic ketamine infusions 
were associated with significant reductions in the mean 
pain scores from baseline (mean pain scores 6.64 [95% 
confidence interval (CI): 6.38–6.90]) to those recorded 
on the day after discontinuation of  ketamine (mean pain 
scores 4.38, 95% CI [4.06–4.69], P < 0.001). No side 
effects were reported.[27] Nobrega et al. included 85 children 
with VOC‑associated pain and showed that ketamine 
produced a significant decrease in pain scores and opioid 
consumption.[26] Another study enrolled 30 patients, 
administered with ketamine infusion for pain crisis and 
showed that the opioid requirement was significantly lower 
after ketamine compared to before ketamine was started.[28]

Quantitative evidence from comparative studies
A recent controlled trial by Lubega et al., in their 
double‑blinded, prospective randomized study, compared 
high‑dose ketamine (1 mg/kg) versus morphine (0.1 mg/
kg) in 240 children with VOC (120 in each arm) and 
found that the incidence of  adverse effects was higher 
in participants receiving ketamine.[25] However, all the 
events were transient and nonlife threatening. This may be 
explained by the high dose of  ketamine used in this study. 
A retrospective study of  33 children with VOC by Neri et al. 
compared two admissions for all participants where they 
received low dose ketamine (0.1 mg/kg) and opioids in one 
admission versus opioids alone in another admission. The 
study did not find ketamine to have any opioids sparing 
effect (i.e., reducing the required dose of  opioids to achieve 
satisfactory pain control). It was attributed by the authors 
to the higher severity of  crises in ketamine admissions. In 

terms of  the safety profile, the study found that ketamine 
has acceptable short‑term adverse effects.

DISCUSSION

This systematic review evaluated the published literature 
on the use of  ketamine infusion to control pain during 
VOC in sickle cell patients. The findings of  the included 
studies highlight that ketamine has promising efficacy for 
reducing pain during VOCs, which was comparative with 
other opioids. However, compared to opioids, a higher 
rate of  adverse events was noted in the ketamine group, 
although these were mild and transient.

The reduction of  pain after ketamine infusion confirms 
the analgesic utility of  ketamine in these patients. Another 
interesting finding in some published reports was that 
ketamine infusion had an opioid sparing effect.[17,29,31,33] 
In contrast, one study did not find such effect, which the 
authors attributed to the inclusion of  patients with more 
severe pain crises.[7] Notably, Palm et al. suggested that 
ketamine may have an additional benefit in chronically ill 
patients due to its anti‑depressive effects.[17]

Interestingly, Nobrega et al. found that the analgesic 
effects of  ketamine in SCD patients were age and sex 
dependent (i.e., females and older patients experienced 
more pain reduction). These variables, along with pain 
location and infusion duration, independently predicted 
pain score reduction in a multivariate analysis.[26] Although 
this finding is intriguing, it is in line with those of  animal 
and human studies wherein the effects of  NMDA receptor 
antagonists were found to vary with age and sex.[35‑37]

Of  note, the study by Neri et al. concluded that pain scores 
were higher in the ketamine group.[7] However, Lubega 
et al. showed that ketamine was noninferior to morphine in 
reducing pain scores.[25] This difference may be explained 
by the different doses in the two studies (0.1 and 1 mg/kg 
in the studies by Neri and Lubega et al., respectively) and 
the higher severity of  the VOC in the ketamine group in 
the study by Neri et al. In terms of  safety, Neri et al. study 
showed that ketamine infusion of  0.1 mg/kg/h was safe 
in the short‑term. Further, compared with ketamine bolus 
in other studies, the infusion method was associated with 
more favorable adverse effects. However, the long‑term 
adverse effects could not be evaluated in this study because 
of  its design.

In the study by Lubega et al., a higher incidence of  
transient nonlife threatening adverse effects was observed, 
with nystagmus, dysphoria and salivation being the 
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most commonly reported. All of  the adverse effects 
were resolved after stopping the infusion and were not 
life threatening. The higher rate of  adverse effects was 
attributed to the high dose of  ketamine used in the study. 
The commonly reported adverse events in the reviewed 
case reports/series were dysphoria, nystagmus and 
psychotomimetic manifestations. However, most of  these 
events were transient and not‑life threatening, although 
they sometimes caused discontinuation or unblinding in 
the reviewed studies. Further evaluation of  the safety of  
ketamine in this population is needed in large‑scale clinical 
trials.

Limitations
The literature available on the studied topic is limited: 
Mostly, case reports/series are available, and only two 
quantitative studies are available, including a randomized 
trial wherein ketamine was used as a monotherapy rather 
than as an adjuvant therapy. In addition, the data available 
is heterogeneous, with variable doses and durations of  
infusions for ketamine, thereby limiting the ability to 
establish clear clinical recommendations about the safe use 
of  ketamine in SCD VOC patients.

Future research directions
The evidence summarized in this systematic review 
strongly indicates the need for randomized controlled 
trials comparing ketamine with opioids for VOC of  SCD 
patients. To the best of  the authors’ knowledge, currently 
there are few ongoing randomized controlled trials on this 
topic: Young et al.,[38] The AKTSS study (ClinicalTrials.gov 
Identifier: NCT03296345), KSickle study (ClinicalTrials.
gov Identifier :  NCT02801292) and one in our 
center (ClinicalTrials.gov Identifier: NCT03431285). The 
findings of  these randomized controlled trials will provide 
strong evidence for the safety and efficacy of  ketamine 
for VOC in SCD patients. We recommend that the 
correlation between the efficacy and the dose and duration 
of  administration should be tested to optimize the use of  
ketamine in these patients. In addition, investigating the 
possible factors that may influence the efficacy of  ketamine 
such as gender, location of  pain and duration of  infusion 
is also recommended.

CONCLUSION

This systematic review showed that ketamine has a 
potentially comparable efficacy with other opioids in 
reducing pain during VOC in SCD patients. However, 
in those receiving higher ketamine dose, a higher rate 
of  transient adverse events has been reported compared 
with the comparator group. Further, randomized trials are 

needed to establish the safety and efficacy of  ketamine in 
VOC of  SCD patients.
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Supplementary Table 3: The methodological quality of the included case reports and case series
Study Selection Ascertainment Causality Reporting Total 

scorePatient(s) 
represent(s) 
the whole 

experience of 
the investigator

The 
exposure 

adequately 
ascertained

The 
outcome 

adequately 
ascertained

Alternative 
causes that 
may explain 

the observation 
ruled out

There was a 
challenge/
rechallenge 
phenomenon

There 
was a 
dose‑ 

response 
effect

Follow‑up 
long 

enough

Case(s) 
described 

with 
sufficient 

details

Nobrega et al., 2017 * * * * ‑ * * * 7
Sheehy et al., 2017 * * * ‑ ‑ * * * 6
Chu et al., 2013 * * * * ‑ * * * 7
Palm et al., 2018 * * * ‑ ‑ * * * 6
Hassel et al., 2017 * * * ‑ ‑ * * * 6
Tawfic et al., 2014 * * * ‑ ‑ * * * 6
Zempsky et al., 2010 * * * ‑ ‑ * * * 6
Gimovsky et al., 
2017

* * * ‑ ‑ * * * 6

Jennings et al., 2013 * * * ‑ * * * 6
Uprety et al., 2013 * * * ‑ ‑ * * * 6
Meals et al., 2011 * * * ‑ ‑ * * * 6
Kerr et al., 2011 * * * ‑ ‑ * * * 6

If yes |(*= 1 point) If no (‑ = no points)

Supplementary Table 1: Risk of bias assessment of the included randomized controlled trial (Lubega et al., 2018)
Parameter Risk of bias Reason/quotations

Random sequence generation (selection 
bias)

Low risk A computer program was used to generate the randomization sequence by an 
independent statistician

Allocation concealment (selection bias) Low risk Block randomization with a block of 10 used to randomly assign participants to 
either receive ketamine or morphine in equal numbers for the two groups

Blinding of participants and personnel 
(performance bias)

Low risk The mixed drug was labeled with the patient study number and delivered to the 
research assistant in a transparent syringe (all drugs are colorless liquids)

Blinding of outcome assessment 
(detection bias)

Low risk Concealment was achieved by making sure that each syringe was labeled 
according to sequence‑generated codes earlier presented as a list of sequential 
random treatment codes. The labeled syringes were brought in an opaque carrier 
envelope to the clinic and handed to the attending nurse who retrieved them 
with their sticker code number, similar to computer generated number sequence, 
becoming the patients study number

Incomplete outcome data (attrition bias) Low risk The clinical data from all patients were used for ITT analysis
Selective reporting (reporting bias) Low risk Protocol is not available, but it is expected that all major outcomes were reported
Other bias Unclear

ITT – Intention to treat

Supplementary Table 2: Methodological quality of the included observational study based on the Newcastle Ottawa scale for 
assessing the quality of epidemiological studies
Study Selection Comparability Exposure Total 

scoreRepresentativeness 
of the exposed 

cohort

Selection 
of the 

nonexposed 
cohort

Ascertainment 
of exposurea

Outcome was 
not present 
at start of 

studyb

Control for 
2 important 

factorsc,d

Assessment 
of outcome

Follow‑up 
long 

enoughe

Adequacy 
of 

follow‑up 
of cohortf

Neri et al., 
2014

* * * ‑ * * * * 7

aIf the exposure data was obtained from prescription database or medical record, a point was assigned, bIf the study design is prospective study, a point 
was assigned, cIf adjusted for age, a point was assigned, dIf adjusted for any other additional factors, a point was assigned, eIf the completeness of 
follow‑up was 80% or more, a point was assigned, if follow up, a point was assigned


