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Abstract
Objective: We used network meta-analysis (NMA) to characterize the relative effec-
tiveness and harms of acute treatment options for cluster headache.
Background: There are few evidence-based acute treatments available for cluster 
headache. As most treatments were compared only against placebos in clinical trials, 
few head-to-head comparisons of treatments are available.
Methods: An a priori registered scoping review was performed to identify randomized 
controlled trials evaluating treatments in adult patients (>18 years old) with cluster 
headache per accepted diagnostic criteria. Bayesian NMAs were performed to com-
pare treatments in terms of headache relief at 15 or 30 min, and also the occurrence 
of adverse events. We report odds ratios (ORs) of relative treatment effects along 
with corresponding 95% credible intervals (CrIs), as well as measures of treatment 
ranking.
Results: A total of 13 randomized controlled trials informed NMAs. We found high 
flow oxygen to be the most effective therapy for headache response at 15 and 30 min 
(OR 9.0, 95% CrI 5.3 to 15.9 vs. placebo), with injectable sumatriptan demonstrating 
the next highest effect (OR 6.4, 95% CrI 3.75 to 11.1 vs. placebo). High flow oxygen 
was also more effective than low flow oxygen (OR 2.55, 95% CrI 1.13 to 5.8), nasal 
spray zolmitriptan (OR 3.75, 95% CrI 1.72 to 8.4), octreotide (OR 4.5, 95% CrI 1.64 
to 12.5), and non-invasive vagal nerve stimulation (nVNS; OR 5.2, 95% CrI 2.29 to 
11.9). Sumatriptan injectable was also effective for headache relief and was found to 
be better than nasal spray zolmitriptan (OR 2.67, 95% CrI 1.21 to 5.9), octreotide (OR 
3.20, 95% CrI 1.17 to 8.8), and nVNS (OR 3.69, 95% CrI 1.63 to 8.4). Octreotide (OR 
4.1, 95% CrI 1.71 to 10.5) and sumatriptan (OR 2.40, 95% CrI 1.39 to 4.2) were associ-
ated with greater risk of adverse events compared to placebo, while other treatments 
did not demonstrate increased risk. When focusing on patients with episodic cluster 
headache, nVNS was significantly better than placebo (OR 4.9, 95% CrI 1.89 to 14.1).
Conclusions: Our findings suggest that high flow oxygen is more efficacious when 
compared to low flow oxygen for headache relief. When low flow oxygen fails in pa-
tients who can tolerate oxygen, increased flow rates should be tried. Additionally, 
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INTRODUC TION

Rationale

There are few acute evidence-based treatments available for cluster 
headache (CH), and no head-to-head comparisons of therapies are 
available. This study was undertaken to compare the acute treat-
ment response in CH between the various therapies utilized in 
terms of efficacy, adverse events, and in subgroups where available. 
Network meta-analysis was used to synthesize available direct and 
indirect evidence from the literature. This work was undertaken to 
provide clinicians with comparative data for the various acute treat-
ments where none were previously available.

Objectives

This is the second of two studies performed to summarize evi-
dence regarding current interventions for CH. In the first manu-
script, we presented findings from a scoping review performed to 
establish a collection of comparative studies of interventions for 
acute treatment and prevention of CH as well as their key find-
ings.1 The studies identified in the scoping review were used to 
develop a listing of the treatment comparisons available, the rel-
evant study population characteristics, the types and frequency of 
outcomes reported, the study designs, and the sample sizes. Using 
the data from that review, we sought to provide a high-level synop-
sis of the effectiveness and safety of interventions for treatment 
and prevention of CH while assessing the feasibility of network 
meta-analysis (NMA) to estimate between-treatment comparisons. 
In that work, we established that while NMAs were feasible for 
comparing acute treatments for CH, NMAs were not feasible for 
informing comparisons of preventive therapies due to substantial 
heterogeneity in trial characteristics that may have been treatment 
effect modifiers.

In the current review, we build upon findings from our scoping 
review by using NMA to characterize treatment response to acute 
therapies in CH patients. We aim to identify and rank effective 
acute treatments, comparing different administration and dosing 
strategies. We aim to provide further guidance to clinicians re-
garding the comparative effects of various treatments based upon 
available direct and indirect evidence. Where possible, we also 
present subgroup NMAs evaluating treatment response in episodic 

and CH populations separately. The pathogenesis of chronic CH 
may be such that they are a subgroup of patients with cluster head-
ache who are more treatment refractory.2 Instead of remitting on 
medications, they stay in bout;2 some have suggested this may be 
because there is a subtype that is distinct in pathophysiology that 
may require different treatments,3,4 and specific analyses of med-
ications currently used but not tested in this subgroup would be 
informative.

PICOS questions

This review addresses the following research question:

In adult patients with episodic and/or chronic cluster, 
what is the comparative effectiveness and safety of 
acute therapies, including drugs, procedures, surger-
ies, and devices, for decreasing CH severity?

While traditional pairwise meta-analysis (i.e., focused on the com-
parison of two interventions) is informative for combining data from 
multiple trials in many situations, there are many medical conditions 
wherein an array of available treatment options exists. For disorders 
like CH where there exist multiple acute and preventive therapies, 
comparison of only two therapies is less informative than a comparison 
of all available therapies in terms of efficacy and safety.

NMA is an extension of pairwise meta-analysis allowing for the 
comparison of many treatments simultaneously that were not directly 
compared to each other.5–9 If studies have at least one intervention 
in common with each other, a network can be formed of these com-
parisons, and further elaborated upon using statistical methods to 
compare treatments with no previous head to head data.10,11 In brief, 
NMA is used to create evidence networks, where both “direct” evi-
dence (e.g., data from comparisons between two active treatments) 
and “indirect” evidence (e.g., data from comparisons with interven-
tions such as placebo and no treatment) are combined.10 The solid 
lines in Figure 1 denote where there are comparisons with available 
trial evidence in the network (A, B, and C each compared to placebo, 
and A compared to C), whereas the dashed lines represent where 
we can estimate based on statistical methods the relative effects 
of interventions compared to each other even though there were 
no head-to-head trials of these comparisons (Drugs A and B, B and 
C). In addition, because there can be treatment loops (such as the 

high flow oxygen is likely more effective than zolmitriptan nasal spray, nVNS, and 
octreotide. Sumatriptan injectable is more likely to be effective when compared to 
zolmitriptan nasal spray, octreotide, and nVNS.

K E Y W O R D S
acute and preventive treatment, cluster headache, network meta-analysis, trigeminal 
autonomic cephalalgias
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example of comparisons between drugs A, C, and placebo) in situ-
ations where there are head-to-head comparisons (Drugs A and C), 
direct estimates from head-to-head comparisons can be combined 
with results of indirect comparisons, thereby considering a broader 
evidence base, to get more robust estimates of treatment effects.

STUDY METHODOLOGY

The protocol for our scoping review and NMA was registered a pri-
ori1 on the Open Science Framework.12 In this manuscript, findings 
have been reported in consideration of guidance from the PRISMA 
extension statement for network meta-analysis.13

Identification of studies for evidence synthesis

The scoping review was used to identify the randomized controlled 
trials (RCTs) to be included in NMAs. We assessed the availability of 
outcomes of a priori interest to establish those that were commonly 
reported within the eligible trials.14

The population of interest for NMAs aligned with the target 
population from our scoping review,1 namely adults with epi-
sodic or chronic CH as defined by accepted diagnostic criteria. 
For each trial, data were gathered regarding patients’ demo-
graphics and clinical characteristics that could influence treat-
ment response.14 We compared these characteristics across 
trials where available to inform assessment of the assumptions 
of homogeneity and similarity necessary for NMA.15 The out-
comes we selected were headache response at 15 or 30 min as 
primary endpoints as per guidelines for acute CH trials,16 and ad-
verse events as secondary endpoints. Headache response, also 
called headache relief or pain relief, was defined as movement 
from moderate to severe or very severe to no or mild pain at 
these time points after treatment.

Data collection and risk of bias appraisal

Study characteristics and outcome information were collected by 
one reviewer using a pre-defined data extraction form developed 
in Microsoft Excel. For all trials that were included in NMAs, two 
authors independently assessed the risk of bias (ROB) using the re-
lated scale from the American Academy of Neurology (AAN).17 The 
AAN ROB tool was used in prior headache systematic reviews and 
clinical guidelines, and is well known and accepted by clinicians in 
the field,18–20 and this was the reason for its use in our review. Please 
see Appendix 2.1 for a sample of the assessment form used. If disa-
greements were encountered, these were resolved by discussion 
between reviewers, consulting a third party if needed. All risk of bias 
assessments are provided in the appendices of this review and have 
been described narratively. We also used these in further defining 
sensitivity analyses related to study risk of bias.

Approach to data analysis

We performed NMAs and represented each intervention, dose, and 
mode of delivery (e.g., “Sumatripan 20 mg nasal spray”) by its own node 
in the evidence network. In cases where different doses were tested in 
different trials, these groups were not collapsed into a single node. As 
an example, for oxygen, the 6 and 12 L/min are represented by sepa-
rate nodes, as there is no consensus that these treatments are equiva-
lent.21,22 We did not collapse nor include all doses of medications, but 
rather opted for only the clinically appropriate dose where there were 
multiple doses used. An additional example is that we only looked at 
sumatriptan 6 mg subcutaneous injection (SC) in our NMA, we opted 
not to utilize the 12 mg dose as a separate node nor to collapse these 
two doses together in one node. The decision to avoid combining or col-
lapsing of interventions in this fashion was discussed by clinical experts 
on the team (I.M., S.C.), and this decision was undertaken to maximize 
clinical relevance of all analyses.

F I G U R E  1  Graphical representation of a pairwise meta-analysis versus network meta-analysis. For traditional systematic reviews 
involving traditional pairwise meta-analysis (see left panel), treatment effects comparing the different drugs in this example are based upon 
four separate sets of analyses based upon the available direct evidence from randomized controlled trials. For systematic reviews involving 
network meta-analysis (see right panel), treatment effects comparing the four drugs can be estimated from a unified analysis of all available 
trial data. This also allows for the estimation of treatment effects with no underlying trial data available using indirect evidence (as denoted 
by dashed lines) [Color figure can be viewed at wileyonlinelibrary.com]
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The network geometry for outcomes of interest was reviewed 
and discussed by the research team regarding the factors identified 
above. The team assessed studies in terms of their populations and 
design to empirically judge the homogeneity across studies and ap-
propriateness of the transitivity assumption.23–25 There was a pau-
city of data in a few of the recommended criteria to identify in the 
trials; however, there were no especially notable differences noted 
in the scoping review to preclude inclusion for most trials.

In the first stage of analysis, methodological and clinical suitability 
for NMAs was assessed amongst the sets of studies forming different 
edges within treatment networks. This was determined by initially as-
sessing the clinical homogeneity of the trials and the quality of studies 
by looking at the RoB; where this was felt to be adequate and the 
degree of statistical heterogeneity between studies (as assessed with 
standard statistical measures, namely Cochrane Q and I2) was minimal 
(<40%),26 we proceeded to the next stage. We used R27 and RStudio28 
to conduct pair-wise meta-analyses (PMAs) using the pma() function. 
We report odds ratios (OR; along with 95% confidence intervals) of 
response comparing treatment with placebo/other for categorical 
outcomes. Subgroup analyses for episodic and chronic cluster were 
also performed where data were available.

For the second stage of analyses, Bayesian NMAs were performed 
in R27 and RStudio28 using the BUGSNet package for NMA.29–31 For 
dichotomous outcomes such as headache response at 15 min, we used 
a binomial NMA model with a logit link function. The default prior dis-
tributions from the BUGSNet package were used.31 Summary effect 
measures were expressed as odds ratios for dichotomous outcomes 
and reported along with 95% credible intervals (CrI). To ensure that 
consistency between direct and indirect evidence was present, the 
ORs from pairwise meta-analyses were compared with those estimated 
using NMA. Unrelated means models and their corresponding fit mea-
sures were also assessed, along with scatterplots of residuals from the 
consistency and unrelated means models. We displayed forest plots 
of treatment effects versus placebo with 95% CrI, and league tables 
were created for all comparisons displaying ORs and CrIs looking at all 
treatments incorporating direct and indirect comparisons. Potential or-
dering/hierarchies of therapies were also evaluated with the Surface 
Under the Cumulative Ranking curve (SUCRA)32 measure, and the 
ranking of treatments was also evaluated with probability bar plots 
of likelihood of ranking. The adequacy of fit of individual models was 
evaluated in consideration of deviance information criteria (DIC), and 
the best model was selected when there was a difference in DIC of 3 
points or more, with lower values being preferred; otherwise we used 
fixed effects models.5,7,15,31 As there was no reason to prefer random 
effects, and in sparse networks such as those encountered in the cur-
rent review random effects models can artefactually have large credi-
ble intervals (due to limited study data to estimate the between-study 
variance parameter), in cases where there was no large difference (DIC 
of 3 or more) we used the fixed effects model.5,15,25 Burn-in and sam-
pling iterations of 20,000 and 50,000 were used in all cases. To assess 
model convergence, we used trace plots and Gelman Rubin plots.5,25 
As recommended by guidance for the conduct of NMAs, studies with 

0 events in all groups were removed from NMAs, as they are unable to 
contribute to the analysis and can impede model convergence.25

Evaluation of meta-biases

We reviewed trial registries in search of negative trials that were not 
published to assess for publication bias. While inspection of funnel 
plots was also planned, this approach was not undertaken due to the 
limited number of included studies (10 or more studies are typically 
recommended).33

RESULTS

Study selection

As described in the accompanying manuscript, we initially reviewed 
3257 abstracts. This was followed by full-text assessments of 482 
of these reports. Overall, 44 RCTs were evaluated as part of the 
scoping review. We identified 13 acute treatment trials that we used 
to perform the NMAs featured in this review. Eleven of these trials 
enrolled mixed populations, including patients diagnosed with both 
episodic and chronic CH.22,34–44 The two trials that included patients 
with chronic CH only45,46 were used in subgroup analyses. Ten of the 
13 acute treatment trials featured a crossover design.

Risk of bias (ROB) assessments

The detailed judgments generated by ROB appraisals are presented 
in Appendix  1. Findings from these assessments revealed Class II 
ROBs (i.e., moderate risk of bias) in nine of the 12 studies (Tables 
A1 and A2, Figures A1–A4). Three of the 12 studies, one in which 
patients were treated with injectable sumatriptan38 and two that 
featured vagal nerve stimulation (VNS)37,43 were identified as Class 
I (i.e., low risk of bias). Class II studies were downgraded either be-
cause they did not present baseline characteristics of treatment 
order groups or they did not mention how allocation concealment 
was performed; others were downgraded due to their crossover de-
sign. In the subgroup analysis of the patients diagnosed with chronic 
CH, two studies that featured sphenopalatine ganglion (SPG) stimu-
lation were also scored as Class I.45,46

Findings and comparisons of acute therapies

Headache response data at clinically meaningful time points (i.e., 
at 15 or 30 min, depending on the timing of the treatment effect) 
were available for 12 trials. Therapeutic approaches studied in these 
trials included triptans as injectable and nasal spray (NS) formula-
tions (n  =  6),34,38,39,42,44,47 oxygen at high (≥12 L/min) or low flow 
(>5 and <12 L/min; n  =  3),22,35,40 lidocaine intra-nasal application 
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(n  =  1),36 octreotide intra-venous (n  =  1)41 and non-invasive VNS 
(nVNS; n = 2).37,43 One trial was open-label47 and included two active 
treatment arms and a placebo group. This latter study was excluded 
from primary analysis, as the lack of blinding may have influenced 
the treatment response. Overall, results from 11 trials involving 
acute treatment strategies for episodic and chronic CH were found 
to be suitable for NMA; a network diagram of the evidence is shown 
in Figure 2. The network included eight interventions studied in 11 
trials involving 1395 episodes of CH with a total of 28 possible pair-
wise comparisons.

Outcome 1: Acute headache response

Characteristics of the studies used to formulate the evidence network 
were described in the accompanying scoping review. The findings pre-
sented in the forest plot in Figure 3 summarize the treatment effects 
resulting from active interventions versus placebo, while the findings 
presented in the league table in Figure 4 compare the treatment effects 
attributed to each of these therapies to one another. Figure 5 presents 
a bar plot of the SUCRA values associated with each intervention. A 
fixed-effects (FE) model was used for these analyses, as we observed 
no significant improvement in fit when a random-effects (RE) model 
was used (DIC = 37.1 vs. 39.0 for FE vs. RE models, respectively). A 
comparison of the fits associated with these two models and the re-
sults obtained with a random-effects model is provided in Appendix 1.

We considered headache response at 15 min for all comparisons 
involving oxygen therapy. High flow oxygen was associated with the 
highest probability ranking and SUCRA value and had the largest 
treatment effect versus placebo (OR 9.03, 95% CrI 5.27 to 15.93). 
High flow oxygen was found to be more effective when compared 
to low flow oxygen (OR 2.55, 95% CrI 1.13 to 5.76), zolmitriptan 5 mg 
NS (OR 3.78, 95% CrI 1.72 to 8.35), octreotide (OR 4.5, 95% CrI 1.64 
to 12.5), and nVNS (OR 5.2, 95% CrI 2.29 to 11.9). Low flow oxygen, 

F I G U R E  2  Network diagram of responses to acute treatments for cluster headache at 15–30 min. A network diagram for headache 
responses at 15–30 min is shown. Nodes are sized proportionately to reflect the number of attacks studied with each intervention. The lines 
connecting the interventions have widths that reflect the number of randomized controlled trials (RCTs) per comparison. The colors of the 
individual lines reflect the risk of bias assessments of each study as per the American Academy of Neurology, with Class I in green and Class 
II in yellow. Overall, eight interventions were compared from a total of 11 studies (n = 1395 cluster headache events) [Color figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  3  Odds ratios of treatment effects leading to headache 
response at 15 and 30 min versus placebo. Treatment effects based 
on the network meta-analyses are shown. Values >1 favor active 
treatment compared to placebo
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which exhibited the fourth-highest probability ranking and SUCRA 
value, was better than placebo (OR 3.54, 95% CrI 1.84 to 7.0), but 
was not better than nVNS, octreotide, sumatriptan injectable, su-
matriptan NS, or zolmitriptan NS.

Injectable sumatriptan at doses of 6 mg SC was associated with 
the second-highest probability ranking and SUCRA value after high 
flow oxygen based on results from two trials in which it was com-
pared to placebo.38,39 Response to sumatriptan (6 mg SC) was better 
than for nVNS (OR 3.69, 95% CrI 1.63 to 8.4), octreotide (OR 3.20, 
95% CrI 1.17 to 8.8), zolmitriptan NS (OR 2.67, 95% CrI 1.21 to 5.9), 
and placebo (OR 6.4, 95% CrI 3.75 to 11.1).

Sumatriptan (20 mg NS; OR 3.68, 95% CrI 1.97 to 7.9) and zolmitrip-
tan (5 mg NS; OR 2.39, 95% CrI 1.37 to 4.3) were both identified as bet-
ter than placebo, although no other differences were observed involving 
these therapeutic regimens. The lowest-ranked intervention was pla-
cebo, followed by nVNS and octreotide SC. In Appendix 6 we provide 
the ORs of headache response to all treatments in the trials evaluated 
in direct treatment comparisons and pair-wise meta-analyses compared 
to the ORs based on our NMA (Tables A3 and A4). These were of similar 
magnitude to ORs from NMAs, aligning with the fact that there was no 
evidence of violations of the consistency assumption based upon model 
fit statistics and scatterplots of residuals (see Appendix 6).

Outcome 2: Acute therapies and adverse events

After the elimination of five studies that reported no adverse events 
in any groups,22,34,35,39,40 we included the five remaining studies in 

an NMA which compared the frequencies of treatment-associated 
adverse events. The network diagram presented in Figure 6 includes 
adverse events associated with the use of octreotide, zolmitriptan 
NS (5 mg), VNS, sumatriptan (6 mg injectable), and placebo. An FE 
model was used to analyze this outcome, as the difference in fit be-
tween the two models was negligible (DIC = 19.7 for FE vs. 19.9 for 
RE). There was again no evidence of violations of the consistency 
based on inspection of measures of model fit (Appendix 6).

The accompanying league table is shown in Figure 7, and the asso-
ciated probability bar plot is shown in Figure 8. Placebo was least likely 
to be associated with adverse events, while octreotide and sumatrip-
tan were the only treatments associated with higher probabilities of 
adverse events. Octreotide had an OR of 4.1 (95% CrI 1.70 to 10.6) for 
adverse events compared to placebo, while sumatriptan injectable had 
an OR of 2.40 (95% CrI, 1.39 to 4.2) compared to placebo. Our analysis 
revealed no differences in adverse events associated with nVNS or 
zolmitriptan NS compared to placebo. There were no reported deaths. 
Adverse events were mostly minimal and varied by intervention.

Subgroup analysis: Response of patients 
diagnosed with episodic or chronic CH to various 
acute treatments

Episodic CH

We identified three trials that specifically addressed the outcomes of 
acute treatments, including zolmitriptan 5  mg NS,34 nVNS,37,43 and 

F I G U R E  4  Treatment effects and headache response at 15–30 min. Odds ratios (ORs) and 95% credible intervals (in parentheses) for 
acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the column header. Above the diagonal, 
OR values <1 favor the treatment in the row header. The red/orange color represents results where the odds ratio is >1, and the green color 
represents results where the odds ratio <1. **p < 0.05 [Color figure can be viewed at wileyonlinelibrary.com]
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placebo for episodic CH with data that could be used to perform an 
NMA of headache response (see Appendix 4). We used an FE model, 
as there was no important difference in fit between the two models 
(DIC = 10.22 vs. 10.87 for FE vs. RE models, respectively). Additional 
outcome data were obtained from a published meta-analysis48 of the 
two trials featuring nVNS.37,43 Our findings suggested that nVNS was 
better than placebo when evaluating acute responses for patietns with 
episodic CH (OR 4.9, 95% CrI 1.89 to 14.1). Subgroup data for episodic 
CH were available from one trial featuring treatment with zolmitriptan 
5 mg NS.34 Our NMA revealed an OR of 2.10 (95% CrI 0.78 to 5.9) for 
this subgroup. Overall, nVNS ranked first, with no differences between 
nVNS and zolmitriptan 5 mg NS; the OR of the treatment effect for epi-
sodic CH was 2.36 (95% CrI 0.58 to 10.1) (Figures A5–A9).

Chronic CH

We identified five trials with sufficient data that permitted us to assess 
treatment effects in patients with chronic CH (see Appendix 5).34,37,43,45,46 
Therapeutic interventions where subgroup data were available included 
zolmitriptan nasal spray (n = 1),34 nVNS (n = 2),37,43 and SPG stimulation 
(n = 2).45,46 SPG stimulation is a technique that involves having an im-
plantable neurostimulator in the SPG ganglion, however presently this 

device is not commercially available. In this case, we reported findings 
from an RE model, as this resulted in a better fit (DIC = 114.3 for the FE 
model vs. 20.1 for the RE model) (Figures A10–A13).

Overall, we found that SPG stimulation was associated with the 
highest probability ranking and highest SUCRA values among the treat-
ments evaluated; however, none of the comparisons were associated 
with differences in efficacy given wide credible intervals. Two of the trials 
examined45,46 featured SPG stimulation that was only used in patients di-
agnosed with chronic CH. Compared to placebo, SPG stimulation was as-
sociated with an OR of 5.8 (95% CrI, 0.302 to 119.5). Zolmitriptan 5 mg NS 
had the second-highest probability rank and SUCRA value (OR of 2.44 vs. 
placebo, 95% CrI 0.029 to 202.8), although no differences were identified. 
Treatment with nVNS ranked lower than placebo, although this difference 
was also not clearly established (OR 0.66, 95% CrI 0.025 to 14.4).

Meta-biases

In our companion scoping review, we searched clinical trial regis-
tries and identified negative trials for a therapy that has not yet 
been published to address the issue of potential publication bias. 
We identified a negative and as yet unpublished trial featuring the 
synthetic somatostatin analog, pasireotide.49 More formal methods, 

F I G U R E  5  Probability rankings of acute therapies and headache response at 15 and 30 min. The probability rankings for each treatment 
are shown along with their respective Surface Under the Cumulative Ranking curve (SUCRA) values. The individual probabilities per 
treatment associated with each ranking are shown as a function of 100% within the corresponding bars [Color figure can be viewed at 
wileyonlinelibrary.com]

 15264610, 2022, 4, D
ow

nloaded from
 https://headachejournal.onlinelibrary.w

iley.com
/doi/10.1111/head.14283 by L

udw
ig-M

axim
ilians-U

niversität, W
iley O

nline L
ibrary on [14/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  489HEADACHE 

including data assessment using funnel plots, were not undertaken 
due to the limited number of suitable studies that were available.

DISCUSSION

We conducted network meta-analyses to compare interventions 
for acute treatment of CH. Findings were suggestive that high flow 
oxygen was as effective as injectable sumatriptan for headache re-
lief at 15 min. Furthermore, while comparisons of adverse events in-
volving high flow oxygen could not be performed, as it could not be 
incorporated into the network (there were no adverse events in the 
treatment or placebo groups, and thus these studies were excluded 
from quantitative analyses). It is generally regarded to have a better 
adverse event profile, as systemically it creates no issues, and its use 
via mask is generally straightforward and safe. We also showed for 
the first time that high flow oxygen at 15 L/min is better than low 
flow oxygen at 6 or 7 L/min, with both demonstrating more effec-
tiveness for headache relief than placebo. For the subgroup analyses 
focusing on episodic and chronic patients, we were able to compare 
only zolmitriptan NS, nVNS and in the case of chronic cluster also SPG 
stimulation. For acute therapy of episodic cluster, we found that VNS 
may be as effective as zolmitriptan NS, and nVNS generally has fewer 
side effects. For chronic CH, we found that SPG stimulation may be 

F I G U R E  6  Adverse events associated with acute therapies for 
cluster headache. Shown is a network diagram for adverse events 
associated with acute treatments for cluster headache. Nodes are 
sized proportionately to reflect the number of events associated 
with each intervention. The lines connecting the interventions 
have widths that reflect the number of randomized controlled 
trials (RCTs) per comparison. The line colors reflect the risk of bias 
assessment as per American Academy of Neurology criteria, with 
RCTs categorized as Class I in green and Class II in yellow. Overall, 
five interventions were compared in a total of five studies (n = 251 
events) [Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  7  Treatments, comparators, and adverse events associated with acute treatments for cluster headache. Odds ratios (ORs) 
and 95% credible intervals (in parentheses) for adverse events associated with acute treatment for cluster headache. Below the diagonal, 
OR values <1 favor the treatment in the column header. The red/orange color represents results where the OR is >1, and the green color 
represents results where the OR is <1. Green cells represent favorable treatment effect estimates (i.e., fewer adverse effects) for the 
treatment group in each comparison below the diagonal, with darker shades representing increasing magnitude of effect. Red cells above 
the diagonal represent the inverse effect estimates from below the diagonal, with darker shades of red representing increasing magnitude of 
effect (more risk of adverse effects). **p < 0.05 [Color figure can be viewed at wileyonlinelibrary.com]
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a viable treatment option, comparable or possibly better than zolmi-
triptan NS. As has been shown by others,48,50 nVNS does not appear 
to be an effective treatment option for chronic CH. Our approach to 
synthesizing the evidence as well as the inclusion of new trials and 
interventions represent additions to the literature for clinicians.

To contextualize our findings with the most recent systematic re-
views and guidelines for CH,19,20 in the current review we also found 
oxygen to be effective for acute therapy. Additionally, high flow ox-
ygen was found more likely to be efficacious when compared to low 
flow oxygen. This is the first review to identify this important clinical 
finding to our knowledge. This has clinical implications, as patients 
who have a lack of success with low flow oxygen and can tolerate in-
creased flow rates should be tried on high flow oxygen. Additionally, 
our findings suggest that high flow oxygen may be more effective 
than zolmitriptan NS, nVNS, and octreotide. Sumatriptan injectable 
is more likely to be effective when compared to zolmitriptan NS, oc-
treotide, and nVNS. The ability to provide guidance on the relative 
efficacy of the available therapies compared to each other is also 
valuable in this field, as there remains a lack of head-to-head clinical 
trials. Our findings that nVNS may be effective in acute management 
of episodic cluster and that SPG may be effective for chronic cluster 
also represent important findings worthy of additional study.

Additionally, we considered the introduction of an open label ran-
domized trial47 comparing the effect of sumatriptan injectable to nasal 
spray, but the response was notably different compared to other trials 
utilizing the same interventions. There is evidence that the placebo ef-
fect is increased if there is expectation introduced to the participant 

that the study drug will work,51 and with open label trials this is more 
difficult to circumvent. In migraine research, placebo effects for acute 
treatment are more likely with injection than other means of adminis-
tration,52 and this may also hold true in CH. We did not include this trial 
in NMAs because its open label design may have impacted the trial re-
sults, as the benefit from injection was higher than compared to nasal 
spray in the blinded trials when we compared them indirectly. Future 
studies and network meta-analyses should continue to consider ex-
pectation of treatment effects if deciding on inclusion of open label 
and observational data and exploring this in sensitivity analyses.

As it is difficult to enroll patients for acute treatment trials in CH, 
most of the acute trials were crossover trials. Patients were usually 
given an active treatment and placebo sequentially, and this merits 
different considerations.53 We felt it was appropriate to use a bino-
mial model for these data as there were few trials35,37 where individ-
uals received multiple treatments with the same intervention, and in 
those trials, it was not most individuals in the trial.

This current NMA has some limitations that should be noted. 
Data collection was performed by a single author; while this does 
not align with best practices, the author is an experienced clinician 
in the field and has training in the conduct of systematic reviews. 
Additionally, for most of the treatment comparisons, the linking 
node that facilitated the conduct of NMAs was placebo. Placebo 
was variably delivered based on the trial (injection, intravenous 
solution, nasal spray, electrical device, oxygen mask). There may 
have been treatment modality modifier effects, especially in the ad-
verse events categories that were quite different between different 

F I G U R E  8  Probability rankings of adverse events associated with acute therapies for cluster headache. The highest probability 
ranking for each treatment is shown along with its respective Surface Under the Cumulative Ranking curve (SUCRA) value. The individual 
probabilities associated with each treatment and of each ranking are shown as a function of 100% within its corresponding bar [Color figure 
can be viewed at wileyonlinelibrary.com]
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placebo interventions. For example there were no placebo adverse 
events in the oxygen trials,35,40 and these were substantially larger 
for placebo in the injectable placebo formulations.38,39 We do show 
in our companion scoping review that for the treatment efficacy 
response there was little variability in the placebo response rates 
between various treatment modalities, and as such we do not think 
this influenced our results for the treatment efficacy.

NMAs can play a vital role in establishing the relative benefits and 
risks of treatment modalities for a disease, although the importance of 
head-to-head RCTs remains high. In NMAs there can be confounders 
such as differing trial characteristics that modify treatment response, 
and they cannot be corrected for if unknown. Conversely, RCTs can 
minimize the effects of such confounders through randomization. 
Randomized controlled trials are expensive; however, where there are 
suggestions of a large treatment effect difference from NMAs, it can 
be worthwhile to consider confirmation by head-to-head trials where 
possible. The non-inferiority margins and sample sizes necessary can 
be suggested by data provided from NMAs.

CONCLUSIONS

High flow oxygen is more efficacious when compared to low flow 
oxygen for headache relief. From a clinical standpoint, patients who 
have a lack of success with low flow oxygen and can tolerate in-
creased flow rates should be tried on high flow NS. Sumatriptan in-
jectable is more likely to be effective when compared to zolmitriptan 
NS, octreotide and nVNS. Patients who have a lack of response to 
nasal spray triptans should be tried with injectable sumatriptan, as 
our data suggest that with sumatriptan injection patients have more 
chances of having a decrease in headache than with nasal spray. 
For episodic CH, nVNS is likely effective in acute treatment. In the 
chronic CH subgroup, our results suggest that SPG stimulation may 
be the best treatment amongst those studied.
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APPENDIX 1

RISK OF BIA S APPR AISAL S

Study ID#:
Reviewed by:
Final class:

Final decision on quality

1.	 Class I Study:
□	  RCT meets all criteria above

2.	 Class II Study:
□	  RCT meets starred (*) criteria (i.e., first 3 in list) but lacks 1–2 of the other criteria above
□	  Crossover trial that either does not describe period/carryover effects OR does not present baseline characteristics of treatment order 

groups
3.	 Class III Study:

□	RCT lacking more than 2 of the criteria above
□	  Crossover trial that both does not describe period/carryover effects AND does not present baseline characteristics of treatment order 

groups
4.	 Class IV Study:

□	  Does not apply to this

TA B L E  A 1  AAN risk of bias sample table

Bias

Author's judgment

Support for judgmentYes No

*Design (Is it an RCT?)

*Masked or objective outcome assessment

*Similar baseline characteristics between groups and if not adjusted  
for differences

Allocation concealment

No more than 2 primary outcomes specified

Clear definition of inclusion/exclusion criteria

Less than 20% dropouts and dropouts appropriately accounted for

For cross-over trials only: period and carryover effects examined and 
statistical adjustments performed where necessary

 15264610, 2022, 4, D
ow

nloaded from
 https://headachejournal.onlinelibrary.w

iley.com
/doi/10.1111/head.14283 by L

udw
ig-M

axim
ilians-U

niversität, W
iley O

nline L
ibrary on [14/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



494  |     HEADACHE 

TA B L E  A 2  Baseline demographics of trials included in the NMA for acute therapies

Study and Year Treatment Comparator Diagnostic 
criteria

ECH/CCH M/F AAN ROB Reasons for downgrade

Ekbom 1991 Sumatriptan 6 mg SC Placebo IHS 56% ECH 3.88:1 Class II Drop out at 20%; did not talk about 
allocation concealment

Ekbom 1993 Sumatriptan 6 mg SC Placebo IHS 72% ECH 6.44:1 Class I No downgrades applied

Cittadini 2006 Zolmitriptan 5 mg NS Placebo IHS 64% ECH 6.66:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Rapoport 2007 Zolmitriptan 5 mg NS Placebo ICHD-2 71% ECH 2.21:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Fogan 1985 O2 Low Placebo Ad hoc na na Class II Crossover study, did not present 
baseline treatment order groups, 
and no statistical adjustment; 
did not talk about allocation 
concealment

Cohen 2010 O2 High Placebo IHS 75% ECH 4.45:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Dirxs 2018 O2 Low O2 High ICHD-2 67% ECH 1.57:1 Class II Crossover, and no treatment order 
groups baseline presented

van Vliet 2003 Sumatriptan 20 mg NS Placebo IHS 75% ECH 4.62:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Costa 2000 Lidocaine, cocaine Placebo IHS 40% ECH 6.5:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Matharu 2004 Octreotide Placebo IHS 73% ECH 3.25:1 Class II Crossover study, did not present 
baseline treatment order groups; 
did not talk about allocation 
concealment

Silberstein 2016 nVNS Placebo ICHD-2 67% ECH 5.25:1 Class I No downgrades applied

Goadsby 2019 nVNS Placebo ICHD-3B 71% ECH 2.52:1 Class I No downgrades applied

Goadsby 2019_2 SPG Placebo ICHD-3B CCH na Class I No downgrades applied

Schoenen 2013 SPG Placebo ICHD-2 CCH 5:25:1 Class 1 No downgrades applied

Abbreviations: analg, analgesic; CCH, chronic cluster headache; DVO, demand valve oxygen; ECH, episodic cluster headache; IHS, International 
Headache Society; ICHD, International Classification of Headache Disorders; na, not available; NS, nasal spray; nVNS, non-invasive vagal nerve 
stimulation; O2, oxygen; PO, by mouth; SC, subcutaneous; SPG, sphenopalatine ganglion bloc.

 15264610, 2022, 4, D
ow

nloaded from
 https://headachejournal.onlinelibrary.w

iley.com
/doi/10.1111/head.14283 by L

udw
ig-M

axim
ilians-U

niversität, W
iley O

nline L
ibrary on [14/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  495HEADACHE 

APPENDIX 2

FINDINGS FROM R ANDOM EFFEC TS MODEL FOR HE ADACHE RE SPONSE AT 15 OR 3 0 MIN

F I G U R E  A 1  League plots of treatment effect in network meta-analysis for each of the acute therapies and headache relief. Odds ratios 
(ORs) and 95% credible intervals for acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the 
column header. The red/orange color represents results where the OR is >1, and the green color represents results where the OR is <1.  
**p < 0.05 [Color figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  A 2  Probability bar plot of therapies for acute treatment of cluster headache and headache relief. For each individual 
treatment, the most probable ranking is shown at the top along with its Surface Under the Cumulative Ranking curve (SUCRA) value. The 
individual probabilities per treatment of each ranking are shown out of 100% within its corresponding bar [Color figure can be viewed at 
wileyonlinelibrary.com]
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APPENDIX 3

FINDINGS FROM R ANDOM EFFEC TS MODEL FOR ADVERSE E VENTS

F I G U R E  A 3  League plot of adverse events in acute treatments of cluster headache Odds ratios (ORs) and 95% credible intervals for 
acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the column header. The red/orange 
color represents results where the OR is >1, and the green color represents results where the OR is <1. Green cells represent favorable 
treatment effect estimates (i.e., fewer adverse effects) for the treatment group in each comparison in below the diagonal, with darker shades 
representing increasing magnitude of effect. Red cells above the diagonal represent the inverse effect estimates from below the diagonal, 
with darker shades of red representing increasing magnitude of effect (more risk of adverse effects). **p < 0.05 [Color figure can be viewed 
at wileyonlinelibrary.com]
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F I G U R E  A 4  Probability bar plot of adverse events in acute treatments of cluster headache—Random effects model. For each individual 
treatment, the most probable ranking is shown at the top along with its Surface Under the Cumulative Ranking curve (SUCRA) value. The 
individual probabilities per treatment of each ranking are shown out of 100% within its corresponding bar [Color figure can be viewed at 
wileyonlinelibrary.com]
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APPENDIX 4A

FINDINGS FROM FIXED EFFEC TS AND R ANDOM EFFEC TS MODEL FOR HE ADACHE RE SPONSE AT 15/3 0 MIN IN 
EPISODIC CLUS TER

F I G U R E  A 5  Network of treatments with headache response available for acute treatment of cluster headache in episodic cluster 
patients. The network diagram for headache response at 15/30 min in episodic cluster headache subgroup is shown. Nodes are sized to 
proportionately reflect the numbers of attacks for each intervention, while edges joining interventions have widths to reflect the numbers of 
randomized controlled trials (RCTs) per comparison. The color of edges reflects the American Academy of Neurology risk of bias assessment, 
with Class I shown in green and Class II shown in yellow. Overall, 3 interventions were compared in a total of 3 studies (n = 54 attacks) 
[Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  A 6  League plot of headache response in episodic cluster patients—fixed effects model. Odds ratios (ORs) and 95% credible 
intervals for acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the column header. The red/
orange color represents results where the OR is >1, and the green color represents results where the OR is <1. **p < 0.05 [Color figure can 
be viewed at wileyonlinelibrary.com]
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F I G U R E  A 7  Probability bar plot of headache response in episodic cluster patients. For each individual treatment, the most probable 
ranking is shown at the top along with its Surface Under the Cumulative Ranking curve (SUCRA) value. The individual probabilities per 
treatment of each ranking are shown out of 100% within its corresponding bar [Color figure can be viewed at wileyonlinelibrary.com]
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APPENDIX 4B

EPISODIC CLUS TER HE ADACHE RELIEF AT 15 OR 3 0 MIN: R ANDOM EFFEC TS MODEL S

F I G U R E  A 8  League plot of headache response in episodic cluster patients—Random effects. Odds ratios (ORs) and 95% credible 
intervals for acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the column header. The red/
orange color represents results where the OR is >1, and the green color represents results where the OR is <1. **p < 0.05 [Color figure can 
be viewed at wileyonlinelibrary.com]
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F I G U R E  A 9  Probability bar plot of headache response in patients with episodic cluster [Color figure can be viewed at wileyonlinelibrary.
com]
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APPENDIX 5

CHRONIC CLUS TER HE ADACHE RELIEF AT 15 OR 3 0 MIN R ANDOM EFFEC TS MODEL S

F I G U R E  A 1 0  Network for acute headache relief in patients with chronic cluster headache. The network diagram for headache response 
at 15/30 min in chronic cluster is shown. Nodes are sized to proportionately reflect the numbers of attacks for each intervention, while 
edges joining interventions have widths to reflect the numbers of randomized controlled trials (RCTs) per comparison. The color of edges 
reflects the American Academy of Neurology risk of bias assessment, with Class I shown in green and Class II shown in yellow. Overall, 4 
interventions were compared in a total of 5 studies (n = 599 attacks) [Color figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  A 11  League table for acute headache relief in patients with chronic cluster headache. Odds ratios (ORs) and 95% credible 
intervals for acute headache response are presented. Below the diagonal, OR values >1 favor the treatment in the column header. The red/
orange color represents results where the OR is >1, and the green color represents results where the OR is <1. **p < 0.05 [Color figure can 
be viewed at wileyonlinelibrary.com]
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F I G U R E  A 1 2  Probability bar plot of acute therapies for chronic cluster headache. Abbreviation: SUCRA, Surface Under the Cumulative 
Ranking curve [Color figure can be viewed at wileyonlinelibrary.com]
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APPENDIX 6

NMA MODEL FIT ASSESSMENTS

TA B L E  A 3  Comparison of RCT Treatment Effects versus NMA from best fitting models

Active treatment Comparison
OR trial 
or PMA

Confidence 
interval

I2 - if 
PMA p value

OR 
NMA

Credible 
Interval

Acute therapy cluster headache—Headache response

O2 high Placebo 3.95 2.48 to 6.29 NA NA 9.03 5.27 to 15.93

O2 low Placebo 1.90 1.04 to 3.47 NA NA 3.54 1.84 to 6.94

O2 high O2 low 2.33 0.39 to 14.04 NA NA 2.55 1.13 to 5.76

Sumatriptan 6mg SC Placebo 6.25 3.57 to 11.11 0.00% 0.49 6.39 3.75 to 11.13

Sumatriptan 20mg NS Placebo 3.80 1.92 to 7.51 NA NA 3.86 1.97 to 7.85

Zolmitriptan 5mg NS Placebo 2.38 1.35 to 4.17 0 0.97 2.39 1.37 to 4.25

Octreotide Placebo 1.47 0.69 to 3.12 NA NA 1.99 0.86 to 4.72

nVNS Placebo 1.72 0.93 to 3.13 0 0.57 1.74 0.94 to 3.23

Acute therapy cluster headache —Adverse events

Octreotide Placebo 4.02 1.64 to 9.83 NA NA 4.14 1.70 to 10.60

Sumatriptan 6 mg SC Placebo 2.33 1.17 to 4.55 30.60% 0.23 2.40 1.39 to 4.23

Zolmitriptan 5 mg NS Placebo 1.75 0.65 to 4.76 NA NA 1.80 0.67 to 5.09

nVNS Placebo 1.27 0.56 to 2.89 86% <0.01 1.83 0.79 to 4.33

Acute therapy cluster headache—Episodic

Zolmitriptan 5 mg NS Placebo 2.06 0.77 to 5.53 NA NA 2.10 0.78 to 5.85

nVNS Placebo 4.66 1.77 to 12.3 0% 0.83 4.93 1.89 to 14.11

Acute therapy cluster headache—Chronic

Zolmitriptan 5 mg NS Placebo 2.29 0.60 to 8.69 NA NA 2.44 0.03 to 
202.76

SPG-S Placebo 5.79 0.31 to 107.37 99% <0.0001 5.82 0.30 to 
119.50

nVNS Placebo 0.74 0.32 to 1.74 0% 0.59 0.66 0.03 to 14.41

Abbreviations: NA, not available; NMA, network meta-analysis; NS, nasal spray; nVNS, non-invasive vagal stimulator; O2, oxygen; PMA, pair-wise 
meta-analysis; RCT, randomized controlled trial; SC, subcutaneous; SPG-S, sphenopalatine ganglion stimulation.
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TA B L E  A 4  Measures of NMA model fit

Model # unconstrained data points Total residual deviance Tau-2 DIC

Acute—Headache response

FE Consistency 22 19.06 NA 37.14

RE Consistency 22 19.78 NA 39.03

FE Unrelated Means 22 19.04 NA 37.10

RE Unrelated Means 22 19.88 NA 39.26

Acute treatment—Adverse events

FE Consistency 10 10.55 NA 19.68

RE Consistency 10 10.11 NA 19.94

FE Unrelated Means 10 10.55 NA 19.68

RE Unrelated Means 10 10.11 NA 19.94

Acute—Headache response episodic

FE Consistency 6 5.16 NA 10.27

RE Consistency 6 5.47 NA 10.92

FE Unrelated Means 6 5.16 NA 10.27

RE Unrelated Means 6 5.47 NA 10.92

Acute—Headache response chronic

FE Consistency 10 106.34 NA 114.34

RE Consistency 10 10.06 NA 20.07

FE Unrelated Means 10 106.34 NA 114.34

RE Unrelated Means 10 10.06 NA 20.07

Abbreviations: DIC, deviance information criteria; FE, fixed-effects; NA, not available; NMA, network meta-analysis; RE, random-effects.
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F I G U R E  A 1 3  Scatterplots of residuals from consistency and unrelated means models from best fitting models per outcome. FE, fixed-
effects

Headache resolution 15/30 mins Adverse Events 

Acute Response at 15/30min in Episodic 
Cluster Subgroup FE model 

Acute Response at 15/30min in Chronic 
Cluster Subgroup 
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APPENDIX 7

PRISMA NMA CHECKLIS T OF ITEMS TO INCLUDE WHEN REPORTING A SYS TEMATIC RE VIE W INVOLVING A 
NE T WORK ME TA-ANALYSIS

Section/Topic Item # Checklist item Reported on page #

TITLE

Title 1 Identify the report as a systematic review incorporating a network meta-
analysis (or related form of meta-analysis)

1

ABSTRACT 2

Structured summary 2 Provide a structured summary including, as applicable:
Background: main objectives
Methods: data sources; study eligibility criteria, participants, and 

interventions; study appraisal; and synthesis methods, such as network 
meta-analysis

Results: number of studies and participants identified; summary 
estimates with corresponding confidence/credible intervals; treatment 
rankings may also be discussed. Authors may choose to summarize 
pairwise comparisons against a chosen treatment included in their 
analyses for brevity

Discussion/Conclusions: limitations; conclusions and implications of 
findings

Other: primary source of funding; systematic review registration number 
with registry name

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already 
known, including mention of why a network meta-analysis has been 
conducted.

3

Objectives 4 Provide an explicit statement of questions being addressed, with 
reference to participants, interventions, comparisons, outcomes, and 
study design (PICOS)

3

METHODS

Protocol and 
registration

5 Indicate whether a review protocol exists and if and where it can be 
accessed (e.g., Web address); and, if available, provide registration 
information, including registration number

Accompanying manuscript

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) 
used as criteria for eligibility, giving rationale. Clearly describe eligible 
treatments included in the treatment network, and note whether any have 
been clustered or merged into the same node (with justification)

Accompanying manuscript

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, 
contact with study authors to identify additional studies) in the search 
and date last searched

Accompanying manuscript

Search 8 Present full electronic search strategy for at least one database, including 
any limits used, such that it could be repeated

Accompanying manuscript

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included 
in systematic review, and, if applicable, included in the meta-analysis).

Accompanying manuscript

Data collection 
process

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and 
confirming data from investigators.

Accompanying manuscript

Data items 11 List and define all variables for which data were sought (e.g., PICOS, 
funding sources) and any assumptions and simplifications made.

Accompanying manuscript

Geometry of the 
network

S1 Describe methods used to explore the geometry of the treatment 
network under study and potential biases related to it. This should 
include how the evidence base has been graphically summarized for 
presentation, and what characteristics were compiled and used to 
describe the evidence base to readers.

9
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Section/Topic Item # Checklist item Reported on page #

Risk of bias within 
individual studies

12 Describe methods used for assessing risk of bias of individual studies 
(including specification of whether this was done at the study or 
outcome level), and how this information is to be used in any data 
synthesis.

9

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in 
means). Also describe the use of additional summary measures assessed, 
such as treatment rankings and surface under the cumulative ranking 
curve (SUCRA) values, as well as modified approaches used to present 
summary findings from meta-analyses.

7

Planned methods of 
analysis

14 Describe the methods of handling data and combining results of studies 
for each network meta-analysis. This should include, but not be 
limited to:

•	 Handling of multi-arm trials;
•	 Selection of variance structure;
•	 Selection of prior distributions in Bayesian analyses; and
•	 Assessment of model fit.

5–7

Assessment of 
Inconsistency

S2 Describe the statistical methods used to evaluate the agreement of direct 
and indirect evidence in the treatment network(s) studied. Describe 
efforts taken to address its presence when found.

7

Risk of bias across 
studies

15 Specify any assessment of risk of bias that may affect the cumulative 
evidence (e.g., publication bias, selective reporting within studies).

6–7, and Appendix 1

Additional analyses 16 Describe methods of additional analyses if done, indicating which were 
pre-specified. This may include, but not be limited to, the following:

•	 Sensitivity or subgroup analyses;
•	 Meta-regression analyses;
•	 Alternative formulations of the treatment network; and
•	 Use of alternative prior distributions for Bayesian analyses (if applicable).

6–7

RESULTSa

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included 
in the review, with reasons for exclusions at each stage, ideally with a 
flow diagram.

7

Presentation of 
network structure

S3 Provide a network graph of the included studies to enable visualization of 
the geometry of the treatment network.

9

Summary of network 
geometry

S4 Provide a brief overview of characteristics of the treatment network. This 
may include commentary on the abundance of trials and randomized 
patients for the different interventions and pairwise comparisons 
in the network, gaps of evidence in the treatment network, and 
potential biases reflected by the network structure.

9

Study characteristics 18 For each study, present characteristics for which data were extracted 
(e.g., study size, PICOS, follow-up period) and provide the citations.

Accompanying manuscript

Risk of bias within 
studies

19 Present data on risk of bias of each study and, if available, any outcome 
level assessment.

Appendix 1

Results of individual 
studies

20 For all outcomes considered (benefits or harms), present, for each study: 
(1) simple summary data for each intervention group, and (2) effect 
estimates and confidence intervals. Modified approaches may be 
needed to deal with information from larger networks

10

Synthesis of results 21 Present results of each meta-analysis done, including confidence/
credible intervals. In larger networks, authors may focus on comparisons 
versus a particular comparator (e.g., placebo or standard care), with full 
findings presented in an appendix. League tables and forest plots may be 
considered to summarize pairwise comparisons. If additional summary 
measures were explored (such as treatment rankings), these should 
also be presented.

18

Exploration for 
inconsistency

S5 Describe results from investigations of inconsistency. This may include 
such information as measures of model fit to compare consistency 
and inconsistency models, P values from statistical tests, or summary 
of inconsistency estimates from different parts of the treatment 
network.

Appendix 6
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Section/Topic Item # Checklist item Reported on page #

Risk of bias across 
studies

22 Present results of any assessment of risk of bias across studies for the 
evidence base being studied.

Appendix 1

Results of additional 
analyses

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 
analyses, meta-regression analyses, alternative network geometries 
studied, alternative choice of prior distributions for Bayesian analyses, 
and so forth).

Appendix 2–5

DISCUSSION

Summary of evidence 24 Summarize the main findings, including the strength of evidence for each 
main outcome; consider their relevance to key groups (e.g., healthcare 
providers, users, and policy-makers).

18–19

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 
review level (e.g., incomplete retrieval of identified research, reporting 
bias). Comment on the validity of the assumptions, such as transitivity and 
consistency. Comment on any concerns regarding network geometry (e.g., 
avoidance of certain comparisons).

18–19

Conclusions 26 Provide a general interpretation of the results in the context of other 
evidence, and implications for future research.

20

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support 
(e.g., supply of data); role of funders for the systematic review. This 
should also include information regarding whether funding has been 
received from manufacturers of treatments in the network and/or 
whether some of the authors are content experts with professional 
conflicts of interest that could affect use of treatments in the 
network.

Accompanying manuscript

Note: Text in italics Indicates wording specific to reporting of network meta-analyses that has been added to guidance from the PRISMA statement.
Abbreviations: NMA, network meta-analysis; PICOS, population, intervention, comparators, outcomes, study design.
aAuthors may wish to plan for use of appendices to present all relevant information in full detail for items in this section.
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