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medicine, especially for critically ill patients. In nu‑
merous clinical situations, it is a major challenge for 
medical personnel, especially those with less experi‑
ence.1 Vascular access can be achieved either through 
peripheral or central venous access, or through in‑
traosseous access. Intraosseous access was initially 
used mainly in pediatric patients, but it is now in‑
creasingly applied in adult patients as well.2,3

IntroductIon Obtaining vascular access is 
one of the key components of critical care medi‑
cine including out ‑of ‑hospital emergency medi‑
cine and rescue operations. Vascular access enables 
the administration of drugs and infusions, includ‑
ing those used in sudden cardiac arrest, as well as 
catecholamines in various types of shock. The time 
to establish vascular access is crucial in emergency 
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AbstrAct
Background Obtaining vascular access is one of the key procedures performed in patients in 
emergency settings.
aims The study was conducted as a meta ‑analysis and a systematic review and aimed to address 
the following question: which intravascular access method should be used in patients with COVID‑19 
when wearing full personal protective equipment (PPE)?
methods We performed a systematic search of PubMed, EMBASE, and CENTRAL databases for randomized 
controlled trials that compared intravascular access methods used by operators wearing full level C PPE. 
We evaluated procedure duration and the success rate of intraosseous and peripheral intravenous accesses.
results Eight randomized controlled trials were included in quantitative synthesis. The use of PPE 
during intravascular access procedures had an impact on procedure duration in the case of intraosseous 
access (mean difference [MD], 11.69; 95% CI, 6.47–16.92; P <0.001), as well as reduced the success rate 
of intraosseous access by 0.8% and intravenous access by 10.1%. Under PPE conditions, intraosseous 
access, compared with peripheral intravenous access, offered a shorter procedure time (MD, –41.43; 
95% CI, –62.36 to –24.47; P <0.001).
conclusion This comprehensive meta ‑analysis suggested that the use of PPE significantly extends the duration 
of intravascular procedures. However, under PPE conditions, operators were able to obtain intraosseous access 
in a shorter time and with a higher success rate than in the case of intravenous access.
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intravascular access method should be used 
when wearing full PPE to care for high ‑risk, in‑
fectious, or contaminated patients, such as those 
with suspected or confirmed COVID‑19?

Methods We conducted a systematic review 
of randomized controlled trials (RCTs) in accor‑
dance with the Cochrane Collaboration guidance. 
The presented review followed the Preferred Re‑
porting Items for Systematic Reviews and Meta‑

‑Analyses (PRISMA) statement11 (Supplemen‑
tary material). For this meta ‑analysis, neither 
ethics committee approval nor patient consent 
were required.

eligibility criteria Studies were included if they 
met the following criteria: 1) RCT; 2) clinical, ca‑
daver, or simulation trial; 3) provided data on in‑
travascular access of in adult patient or a simula‑
tor; 4) compared intravascular access performed 
with and without level C PPE; and 5) reported pro‑
cedure duration or success rates. Review articles 
and case studies were excluded. No language re‑
strictions were placed on the search results.

search strategy A comprehensive literature 
search was performed with PubMed, Scopus, EM‑
BASE, Web of Science, and Cochrane Central Reg‑
ister of Controlled Trials (CENTRAL) databases, 
from the inception of each database up to April 10, 
2020. The following terms were used: “intravas‑
cular” or “intravenous” or “intraosseous” or “iv” 
or “io” or “EZ ‑IO” or “B.I.G.” or “NIO” or “FAST 1” 
or “Jamshidi” or “Cook” and “PPE” or “personal 
protective equipment” or “HazMat” or “Level C 
protective” or “CBRN” or “Chemical” or “toxic” 
or “infectious patient.” The electronic database 
search was supplemented by searching Google 
Scholar and by back ‑searching the reference lists 
of the identified studies for suitable articles.

study selection The references retrieved by 
electronic search were imported to and managed 
by the EndNote X7 software (Clarivate). Two in‑
dependent investigators (JS and KL) screened 
both titles and abstracts to exclude inconsistent 
studies. Discrepancies were resolved by a third 
author (MJ). Relevant full ‑text articles were re‑
trieved and analyzed for eligibility using the pre‑
defined inclusion criteria.

data extraction Raw data were extracted us‑
ing a standardized, premade form. Two authors 
(KL and JS) independently assessed each article 
to determine whether or not it met the criteria 
for inclusion. Disagreements between the authors 
regarding values or analysis assignments were re‑
solved through discussion with a third researcher 
(LS), and the decision was taken by the majority 
of the researchers. The agreement with respect to 
study inclusion was assessed by using the Cohen 

SARS ‑CoV‑2 is transmitted via the droplet 
route. Because of its relatively high infectivity 
and the need for long ‑term testing to confirm 
or rule out the infection, as well as the necessi‑
ty of quarantining people who have had contact 
with an infected person, including medical per‑
sonnel, the virus poses a serious risk to the func‑
tioning of healthcare systems.4,5

Although more than 80% of patients with 
COVID‑19 have mild symptoms, some even be‑
ing asymptomatic, about 5% to 15% of cases are 
severe. Some patients develop cytokine storm 
and consequently ARDS and multiorgan fail‑
ure, which is the cause of death in a high per‑
centage of critically ill patients with COVID‑19.6 
The use of protective masks by medical person‑
nel, including primarily masks with a suitable 
filter, and also of protective clothing and dou‑
ble gloves is essential.7 According to the Unit‑
ed States Centers for Disease Control and Pre‑
vention, medical personnel who interact with 
patients with known or suspected COVID‑19 
should adhere to standard precautions and use 
a respirator (or a facemask if a respirator is not 
available), a gown, gloves and eye protection. 
Some procedures, such as endotracheal intu‑
bation or bronchoscopy, could generate infec‑
tious aerosols. Consequently, medical personnel 
should wear an N95 or higher ‑level respirator 
such as disposable filtering facepiece respirators.

Numerous studies have compared the time of 
obtaining and the effectiveness of intravenous 
and intraosseous access.8,9 The current SARS‑

‑CoV‑2 pandemic forces medical personnel to use 
personal protective equipment (PPE) including 
double gloves, goggles, masks with appropriate 
filters, visors, and protective clothing. Such safe‑
ty measures are particularly important in emer‑
gency medicine when the team is dispatched to 
a patient with suspected or confirmed COVID‑19. 
Medical personnel may need to initiate emergen‑
cy procedures, including vascular access. Person‑
al protective equipment makes it difficult to car‑
ry out emergency procedures, among others, to 
obtain vascular access. It is reasonable to com‑
pare studies on the efficacy and timing of vas‑
cular access placement with different methods 
when using PPE, especially level C protection.10

This is the first meta ‑analysis to evaluate 
the effectiveness of intravascular access in PPE‑
‑restricted scenarios. The study was conducted 
as a meta ‑analysis and a systematic review. It 
aimed to answer the following question: which 

whAt’s new?
This is the first meta ‑analysis to evaluate the effectiveness of intravascular 
access in personal protective equipment–restricted scenarios. The study was 
designed as a meta ‑analysis and a systematic review and aimed to determine 
which intravascular access method should be preferred when wearing full 
personal protective equipment to care for high ‑risk, infectious or contaminated 
patients, such as those with suspected or confirmed COVID‑19.
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and the inverse variance method for continuous 
outcomes. For continuous variables (procedure 
duration), mean differences (MD) were calculat‑
ed. A random effect model was applied to ana‑
lyze the data. Results are presented as risk ratios 
(RRs) with 95% CIs for dichotomous variables. 
The meta ‑analysis was carried out with the Re‑
view Manager (RevMan) software for Mac; ver‑
sion 5.3 (Cochrane Collaboration, Oxford, Unit‑
ed Kingdom). When the continuous variable was 
reported in a study as median, range, and inter‑
quartile range, we estimated means and SDs us‑
ing the formula described by Hozo et al.13 We 
quantified heterogeneity in each analysis using 
the Ͳ2 and I2 statistics. Studies were subgrouped 

κ statistics.12 We were careful to avoid inclusion 
of data from duplicate publications. In any case 
of suspected data discrepancies, we contacted 
the relevant author directly. Data extracted from 
eligible studies included the following character‑
istics: study and year, country, participants, num‑
ber of participants, types of devices applied for 
intravascular access, procedure with or without 
PPE, procedure duration (measured in seconds), 
and success of intravascular access.

statistical analysis Individual study data 
for intravascular access success rates and proce‑
dure duration were analyzed. We used Mantel‑
Haenszel models for all dichotomous outcomes 

Table 1 Comparison of intraosseous access times with and without personal protective equipment

Variable Trials, n MD or RR (95% CI) P value I2 statistics, %

Operator specialty Physicians 1 10 (8.42–11.58) <0.001 N/A

Paramedics 3 11.46 (3.62–19.31) 0.004 94

Mixed staff 4 15.44 (11.13–19.75) <0.001 47

Intraosseous access 
device type

EZ ‑IO 6 11.32 (3.84–18.79) 0.003 97

BIG 2 9.78 (8.27–11.29) <0.001 0

Jamshidi 1 34.5 (23.62–45.38) <0.001 NA

Abbreviations: BIG, bone injection gun; MD, mean difference; NA, not applicable; RR, risk ratio

Records identifi ed through 
database search

(n = 947)

Additional records identifi ed 
through other sources

(n = 0)

Records after duplicates removed
(n = 139)

Records excluded
(n = 285)

Records screened
(n = 319)

Full‑text articles excluded 
(n = 26):

• Ineligible study design 
(n = 16)

• Review article (n = 4)
• Insuffi  cient data 

for  comparison (n = 4)
• Ineligible study  population 

(n = 1)
• Duplicate results (n = 1)

Full‑text articles assessed for eligibility
(n = 34)

Studies included in qualitative synthesis
(n = 8)

Studies included in quantitative 
synthesis (meta‑analysis)

(n = 8)
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Figure 1 Flow diagram showing the stages of database search and study selection as per the PRISMA guidelines. Modified 
from Moher et al11
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respectively.13 All P values were 2‑tailed and con‑
sidered significant if less than 0.05.

Quality assessment of the included stud-
ies  The methodological quality of the includ‑
ed RCTs was assessed using the “risk of bias” 

by the type of intravascular access devices. Het‑
erogeneity was detected with the χ2 test with 
n ‑ 1 degrees of freedom, which was expressed 
as I2. Values of I2 greater than 50% and great‑
er than 75% were considered to indicate moder‑
ate and significant heterogeneity among studies, 

Table 2 Characteristics of the included studies

Study Patients, n Study 
design

PPE 
level

Study 
object

Study 
device

Procedural 
conditions

Operators Definition of 
injection time

Injection 
success rate

Ben‑
‑Abraham 
et al19

20 RCT C Turkey 
femurs

BIG With and 
without PPE

Emergency care 
physicians previously 
inexperienced with 
BIG

From the moment 
the BIG was 
attached to 
the bone until 
the successful 
placement of 
the needle was 
achieved

A bare 
needle 
anchored in 
a firm 
upright 
position in 
the bone

Borron 
et al14

16 RCT A, B, C, 
and D

Goats EZ ‑IO With and 
without PPE

12 ED physicians, 
physician assistants, 
and nurses

From the moment 
participants 
touched either 
the EZ ‑IO needle 
cover or the driver 
throughout 
needle placement 
and bone marrow 
aspiration (where 
possible) and until 
they completed 
the injection of 
a 5‑ml bolus of 
isotonic sodium 
chloride solution

Noted by 
aspiration of 
bone 
marrow 
and / or 
facile 
injection of 
5 ml of 
isotonic 
sodium 
chloride 
solution

Castle 
et al8

64 RCT C Manikin IV and 
EZ ‑IO

With and 
without PPE

4 prehospital care 
doctors (ALS ‑trained 
general practitioners 
activated by 
the ambulance 
service), 6 
resuscitation officers, 
14 paramedics, 15 
anesthetists, and 25 
emergency 
physicians

From when 
the EZ ‑IO drill was 
picked up until 
the IO needle was 
placed into 
a training bone 
and a 3‑way 
extension 
attached

Not specified

Collins15 8 RCT CP C Cadaver EZ ‑IO With and 
without PPE

Paramedics Not specified Not specified

Lamhaut 
et al16

25 RCT C Manikin IV and 
EZ ‑IO

With and 
without PPE

9 nurses and 16 
physicians

From the moment 
the device was 
attached to 
the bone until 
the successful 
placement of 
the needle was 
achieved

Successful 
fluid infusion

Suyama 
et al17

22 RCT C Manikin IV and 
EZ ‑IO

With and 
without PPE

Paramedics Not specified Not specified

Szarpak 
et al18

40 RCT C Manikin BIG and 
Jamshidi

With and 
without PPE

Paramedics From the moment 
the device was 
touched to 
successful fluid 
infusion

Not specified

Szarpak 
et al20

35 RCT C Manikin IV and 
NIO

With PPE Paramedics with 
a minimum 2‑year 
experience in 
emergency medical 
service

From touching 
the device to 
successful fluid 
infusion

Successful 
fluid infusion

Abbreviations: ALS, advanced life support; CP, conference paper; IV, intravenous access; PPE, personal protective equipment; RCT, randomized controlled trial; others, 
see TABlE 1
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staff group (MD, 15.44; 95% CI, 11.13–19.75; 
P <0.001) performed intraosseous access proce‑
dures longer when using PPE (TABlE 1).

The subanalysis regarding the type of intraos‑
seous device used also revealed shorter time 
to obtain intraosseous access with EZ ‑IO (RR, 
11.32; 95% CI, 3.84–18.79; P = 0.003), bone injec‑
tion gun (RR, 9.78; 95% CI, 8.27–11.29; P <0.001), 
and Jamshidi (RR, 34.5; 95% CI, 23.62–45.38; 
P <0.001) devices as compared with peripheral 
intravenous access.

Three studies evaluated the time of peripher‑
al intravenous access obtained with and with‑
out PPE.8,16,17 Intravascular access time with and 
without PPE was presented in FIGURE 4. The effec‑
tiveness of obtaining peripheral intravenous 
access with and without PPE was reported in 
2 studies and equaled 89.9% versus 100% (RR, 
0.93; 95% CI, 0.78–1.12; P = 0.44) (FIGURE 5).

Intraosseous and intravenous access pro-
cedure duration under personal protective 
equipment–restricted conditions Five stud‑
ies presented a comparison of intraosseous and 
peripheral intravenous accesses performed by 
an operator wearing PPE.8,16-18 The overall anal‑
ysis showed shorter duration of an intraosseous 
access procedure compared with peripheral in‑
travenous access (MD, –41.43; 95% CI, –62.36 
to –24.47; P <0.001) (FIGURE 6A and 6B).

Subgroup analysis revealed a shorter time to 
obtain intraosseous access compared with pe‑
ripheral intravenous access in research letters 
(MD, –26.3; 95% CI, –29.57 to –23.03; P <0.001). 
In original articles, the above finding was not 
observed (MD, –49.93; 95% CI, –99.86 to 0; 
P = 0.05). Subgroup analysis by operator’s pro‑
fession demonstrated shorter duration of the in‑
traosseous versus peripheral intravenous proce‑
dure when performed by paramedics (MD, –21.79; 
95% CI, –29.56 to –23.04; P <0.001), as well as by 
mixed staff (MD, –26.3; 95% CI, –29.56 to –23.04; 
P = 0.008) (TABlE 3).

success rates of intraosseous and intra-
venous access under personal protective 
equipment–restricted conditions Three 
studies reported the success rate of intraosse‑
ous versus peripheral intravenous access under 
PPE ‑restricted conditions.8,16,20 The efficacy of 
intraosseous access was 100% compared with 
90.3% for peripheral intravenous access (RR, 
1.08; 95% CI, 0.97–1.2; P = 0.18) (FIGURE 7A and 7B).

The effectiveness of intravascular access 
amounted to 100% for intraosseous compared 
with 89.9% for peripheral intravenous access 
in the subanalysis of original articles (RR, 1.08; 
95% CI, 0.9–1.29; P = 0.44), and to 100% and 
91.4%, respectively, in the subanalysis of re‑
search letters (RR, 1.09; 95% CI, 0.97–1.22; 
P = 0.13). The subanalysis showed that the ef‑
fectiveness of intraosseous versus peripheral 

tool in accordance with the RevMan software. 
The following domains were evaluated for RCTs: 
random sequence generation, allocation con‑
cealment, blinding of participants, blinding of 
outcome assessment, incomplete outcome data, 
selective reporting, and other bias.12 To assess 
the risk of bias, we only relied on the informa‑
tion presented in the publications. Two research‑
ers (LS and JRL) estimated the risk of bias in 
each domain as “yes,” “no,” or “unclear,” which 
reflected a high, low, and uncertain risk of bias, 
respectively (TABlE 1). The review authors’ judg‑
ments about each risk of bias item are provided 
in Supplementary material, Table S2.

results study selection The search strate‑
gy used in this study produced 947 potential ti‑
tles and abstracts from database search (FIGURE 1). 
After removing duplicates (n = 319) and screen‑
ing titles and abstracts, we were left with 34 ar‑
ticles. These were screened against the inclu‑
sion and exclusion criteria. A total of 26 arti‑
cles were excluded, because they represented 
ineligible study design (n = 16), were review ar‑
ticles (n = 4), applied ineligible devices (n = 4), 
concerned pediatric population (n = 1), and pre‑
sented duplicate results (n = 1). Ultimately, 8 
studies that met the inclusion criteria and con‑
tained the necessary data for the planned com‑
parison were identified.

study characteristics The characteristics of 
the included studies are presented in TABlE 2. In‑
traosseous access was attempted with the EZ ‑IO 
device by 160 operators,8,14 -17 with a bone injec‑
tion gun by 60 operators,18,19 with the Jamshidi 
device by 40 operators,18 and with the NIO device 
by 35 operators.20 A single study was conducted 
on goats,15 another one on turkey femurs,14 and 
others on manikins.8,16 -18,20 Five articles were 
original full papers,8,14,16,17,19 2 were research let‑
ters,18,20 and a single one was a conference paper.15

Influence of personal protective equipment 
on intravascular access Seven studies evalu‑
ated the duration of an intraosseous access pro‑
cedure performed with and without PPE.5,14 -19 
The time to complete the procedures was pre‑
sented in seconds. Obtaining intraosseous ac‑
cess while wearing PPE in comparison with 
the same procedure without PPE was associat‑
ed with longer procedure duration (MD, 11.69; 
95% CI, 6.47–16.92; P <0.001) (FIGURE 2). The in‑
traosseous access success rate with and with‑
out PPE was reported in 4 studies14,16,19 and was 
98.4% and 99.2%, respectively (RR, 1; 95% CI, 
0.97–1.03; P = 0.93) (FIGURE 3).

An additional subanalysis by operator’s spe‑
cialty showed that physicians (MD, 10; 95% CI, 
8.42–11.58; P <0.001), paramedics (MD, 11.46; 
95% CI, 3.62–19.31; P = 0.004), as well as a mixed 
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Study

Ben‑Abraham et al19

Borron et al14

Castle et al8

Collins15

Lamhaut et al16

Suyama et al17

Szarpak et al18 (BIG)

Szarpak et al18 ( Jamshidi)

overall: P <0.001, I² = 97%

POP MD LCL UCL WGHT, %

42 10 8.42 11.58 14.6

36 5.2 –5.01 15.41 9.4

128 16.6 14.15 19.05 14.3

16 9.4 5.61 13.19 13.7

50 15 7.46 22.54 11.3

44 2.1 1.21 2.99 14.7

60 7.5 2.39 12.61 12.9

80 34.5 23.62 45.38 9

454 11.69 6.47 16.92 100

1

11.69 25 50–6
With PPE Without PPE

 Figure 2 Forest plot of intraosseous access procedure duration while using level C personal protective equipment (PPE) versus standard clothing. The center of 
each square represents the weighted mean difference for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond represents pooled 
results. Procedure time was presented in seconds.
 Abbreviations: LCL, 95% lower confidence limit; POP, probability of precipitation; UCL, 95% upper confidence limit; WGHT, weight; others, see TABlE 1

Study

Castle et al8

Lamhaut et al16

Suyama et al17

overall: P = 0.11, I² = 99%

POP MD LCL UCL WGHT, %

128 88.8 78.82 98.78 33.4

50 34 17.37 50.63 32.8

44 10.4 7.92 12.88 33.8

222 44.35 –10.3 98.99 100

1

10050–10
With PPE Without PPE

44.35

 Figure 4 Forest plot of peripheral intravenous access procedure duration while using level C personal protective equipment (PPE) versus standard clothing. 
The center of each square represents the weighted mean difference for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond 
represents pooled results. Procedure time was presented in seconds.
 Abbreviations: see TABlE 1 and FIGURE 2

Study

Ben‑Abraham et al19

Borron et al14

Castle et al8

Lamhaut et al16

overall: P = 0.93, I² = 0%

POP RR LCL UCL WGHT, % 

40 0.95 0.79 1.13 2.3

36 1 0.9 1.11 6.6

128 1 0.97 1.03 78.7

50 1 0.93 1.08 12.4

254 1 0.97 1.03 100

1

1.250.75 With PPE Without PPE

 Figure 3 Forest plot of intraosseous access success rate while using level C personal protective equipment (PPE) versus standard clothing. The center of each 
square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond represents pooled results.
 Abbreviations: see TABlE 1 and FIGURE 2

Study

Castle et al8

Lamhaut et al16

overall: P = 0.44, I² = 88%

POP RR LCL UCL WGHT, %

128 0.86 0.78 0.95 48.2

50 1 0.93 1.08 51.8

178 0.93 0.78 1.12 100

0.7 1.25

1
With PPE Without PPE

0.93

 Figure 5 Forest plot of peripheral intravenous access success rates while using level C personal protective equipment (PPE) versus standard clothing. The center of 
each square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% CI. The diamond represents pooled results.
 Abbreviations: see TABlE 1 and FIGURE 2

Study

Szarpak et al18

overall: P = 0.13

POP RR LCL UCL WGHT, %

70 1.09 0.97 1.22 30.4

70 1.09 0.97 1.22 100

1
IO PIV

1.51.251.090.75

Study

Szarpak et al18

overall: P <0.001

POP MD LCL UCL WGHT, %

70 –26.3 –29.57 –23.03 26.1

70 –26.3 –29.57 –23.03 100

1
IO PIV

–40 –20 –10 5–26.3
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Study

Castle et al8

Lamhaut et al16

Suyama et al17

overall: P = 0.11, I² = 99%

POP MD LCL UCL WGHT, %

128 88.8 78.82 98.78 33.4

50 34 17.37 50.63 32.8

44 10.4 7.92 12.88 33.8

222 44.35 –10.3 98.99 100

1

10050–10
With PPE Without PPE

44.35

Table 3 Comparison of intraosseous and peripheral intravenous access times under personal protective equipment–restricted conditions

Variable Trials, n IO efficacy, % PIV efficacy, % RR or MD (95% CI) P value I2 statistics, %

Procedure 
duration

Paramedics 2 NA NA –21.79 (–29.56 to –23.04) <0.001 95

Mixed staff 3 NA NA –26.3 (–29.56 to –23.04) 0.008 97

Success rate Paramedics 1 100 91.4 1.09 (0.97–1.22) 0.13 NA

Mixed staff 3 100 89.9 1.09 (0.9–1.29) 0.44 88

Abbreviations: IO, intraosseous access; PIV, peripheral intravenous access; others, see TABlE 1

Study

Castle et al8

Lamhaut et al16

overall: P = 0.44, I² = 88%

POP RR LCL UCL WGHT, %

128 1.16 1.05 1.29 32.4

50 1 0.93 1.08 37.2

178 1.08 0.9 1.29 100

1
IO PIV

0.75 1.51.251.08

Study

Szarpak et al18

overall: P = 0.13

POP RR LCL UCL WGHT, %

70 1.09 0.97 1.22 30.4

70 1.09 0.97 1.22 100

1
IO PIV

1.51.251.090.75

 Figure 7 Forest plot of intraosseous versus peripheral intravenous access success rates while using level C personal protective equipment in original articles (a) 
and research letters (B). The center of each square represents the weighted risk ratio for individual trials, and the corresponding horizontal line stands for 95% CI. 
The diamonds represent pooled results.
 Abbreviations: see FIGURE 2 and TABlE 3

a

B

Study

Szarpak et al18

overall: P <0.001

POP MD LCL UCL WGHT, %

70 –26.3 –29.57 –23.03 26.1

70 –26.3 –29.57 –23.03 100

1
IO PIV

–40 –20 –10 5–26.3

 Figure 6 Forest plot of intraosseous versus peripheral intravenous access procedure duration while using level C personal protective equipment in original 
articles (a) and research letters (B). The center of each square represents the weighted mean difference for individual trials, and the corresponding horizontal line 
stands for 95% confidence interval. The diamonds represent pooled results.
 Abbreviations: see TABlE 1 and FIGURE 2

a

B

Study

Castle et al8

Lamhaut et al16

Suyama et al17

overall: P = 0.05, I² = 95%

POP MD LCL UCL WGHT, %

128 –93.6 –103.67 –83.53 24.5

50 –39 –52.52 –25.48 23.2

44 –17.5 –19.34 –15.66 26.2

222 –49.93 –99.86 0 100

1
IO PIV

–100 5–30 –10–49.93
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protective effect against needle‑stick injuries, 
double gloves should be used routinely in con‑
tact with infected patients.

As indicated by Iskrzycki et al,25 the risk of 
potential complications is one of the main con‑
cerns about the use of intraosseous access among 
physicians. Complications of intraosseous ac‑
cess were reported as rare and mostly minor.26,27 
Their majority occurs when aseptic and antiseptic 
rules are not followed, as well as when intraos‑
seous access is kept too long.28 The most signifi‑
cant issue for conscious patients with an intraos‑
seous device in situ was their experience of pain. 
Ong et al29 recommended the administration of 
20 to 50 mg of 2% lidocaine to all conscious pa‑
tients, although the effectiveness of this strat‑
egy has not been evaluated.

Another factor in favor of the routine use of 
intraosseous access in suspected or confirmed 
COVID‑19 patients with cardiovascular and / or 
respiratory failure is that most drugs can be ad‑
ministered via intraosseous access in equivalent 
dosage and with the same time effect compared 
with peripheral intravenous access. The phar‑
macodynamics and pharmacokinetic effects of 
intraosseously applied drugs and infusions are 
well described in the literature.30-32

Alternative vascular access techniques in 
adult patients undergoing resuscitation with 
impossible peripheral intravenous catheteriza‑
tion include central venous catheterization or 
ultrasound ‑guided catheterization of peripher‑
al veins. The presented analysis did not include 
studies on the comparison of intraosseous ver‑
sus central venous catheterization, as the lat‑
ter should not be used as the primary method 
of obtaining vascular access under emergen‑
cy medicine conditions, especially in patients 
with cardiovascular and / or respiratory fail‑
ure. As shown by Leidel et al,33 in the emergen‑
cy department, in adults undergoing cardio‑
pulmonary resuscitation with inaccessible pe‑
ripheral veins, the efficacy of the first attempt 
to obtain vascular access with the intraosse‑
ous method equaled 85% and was higher than 
the 60% for central venous catheterization (P 
= 0.024). In addition, the procedure for obtain‑
ing central access should be carried out under 
ultrasound guidance34,35 and is relatively time‑

‑consuming and associated with relevant risks 
for the patient, especially in the emergency set‑
ting. Furthermore, central venous catheteriza‑
tion or ultrasound ‑guided catheterization of 
peripheral veins require the ultrasound device 
and an experienced operator and are more time‑

‑consuming compared with obtaining intraos‑
seous or peripheral intravenous access.36

Current Infection and Control recommenda‑
tions for Healthcare Personnel endorsed by Cen‑
ters for Disease Control and Prevention suggest 
that all healthcare personnel working in health‑
care facilities should wear a facemask at all times. 

intravenous access varied and amounted to 100% 
and 91.4%, respectively, in the paramedics group 
(RR, 1.09; 95% CI, 0.97–1.22; P = 0.13) and to 
100% and 89.9%, respectively, among mixed 
staff (RR, 1.09; 95% CI, 0.9–1.29; P = 0.44) (TABlE 3).

risk of bias in the included trials The risk of 
bias in the included studies is outlined in TABlES 1 
and 2. All the 8 studies clearly described ran‑
dom sequence generation.8,14 -20 The risk of bias 
in the RCTs was assessed as either low or mod‑
erate across all domains, apart from the blind‑
ing of participants and personnel, where blind‑
ing was clearly not possible.

dIscussIon Quick intravascular access is 
the key to the successful management of pa‑
tients with shock, trauma, or cardiac arrest. 
The major finding of this meta ‑analysis is that 
when an operator is wearing level C PPE, intraos‑
seous access offers advantages over peripheral 
intravenous access in terms of procedure dura‑
tion and success rates. Moreover, the use of PPE 
increases the duration and significantly reduces 
the effectiveness of peripheral intravenous ac‑
cess. In the case of intraosseous access, the use 
of PPE increases the duration of the procedure, 
however, the effectiveness decreases by only 
0.8% compared with the procedure performed 
without a protective suit.

The conducted meta ‑analysis showed a signifi‑
cantly shorter time of obtaining intraosseous ac‑
cess in comparison with peripheral intravenous 
access, as well as an advantage regarding the ef‑
fectiveness of intraosseous over peripheral intra‑
venous access. The American Heart Association 
indicates in its guidelines for advanced resusci‑
tation that it is reasonable to establish intraosse‑
ous access if intravenous access is not readily avail‑
able.21 However, extraordinary situations (includ‑
ing caring for patients with suspected or confirmed 
COVID‑19, when medics are wearing level C PPE) 
require extraordinary measures. Consequently, 
a different vascular access technique may be ad‑
vised to increase patient safety, at least as a bridg‑
ing procedure during ongoing resuscitation efforts, 
until the patient is in a more stable condition. It 
would therefore be appropriate to prioritize ob‑
taining intraosseous access when using PPE suits.

The use of full level C PPE undoubtedly affects 
the quality of the performed procedures by mak‑
ing movement difficult. Additionally, applying 
double gloves during procedures is more protec‑
tive than using a single pair as far as percutane‑
ous needle injuries during intravenous cannu‑
lation are considered,22,23 especially in the case 
of highly infectious patients. At the same time, 
this practice impairs comfort, sensitivity, and 
dexterity24 reducing the effectiveness and in‑
creasing the duration of numerous medical 
procedures.8 However, owing to the increased 
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If working in facilities located n the region of mod‑
erate‑to‑substantial community transmission, 
healthcare personnel should additionally wear eye 
protection. If performing any aerosol‑generating 
or surgical procedures, an N95 or higher ‑level res‑
pirator, gloves, and a gown should be used.

limitations As a limitation, all of the includ‑
ed studies in our meta ‑analysis were small in 
size and were at high risk of bias, because nei‑
ther the operator nor the outcome assessor were 
blinded for obvious technical reasons. We found 
a significant heterogeneity regarding procedure 
duration, as well as procedure success rates, most 
likely secondary to the varied experience levels 
of study participants. As the number of studies 
was small, it was not possible to conduct a meta‑
‑regression analysis to identify potential causes 
of heterogeneity. Another limitation is that all 
research was experimental and was not carried 
out on humans, but it is difficult and sometimes 
even impossible to do such research in a group of 
highly infectious patients, as it would potential‑
ly delay the therapeutic procedure. We focused 
on level C PPE in this meta ‑analysis, because 
this might be most commonly used in emergen‑
cy medicine, but the level of PPE used in the in‑
cluded studies might vary. While the level of PPE 
is standardized in the United States, it might dif‑
fer among various hospitals and healthcare set‑
tings around the globe.

conclusions This comprehensive meta ‑analysis 
suggests that the use of PPE significantly extends 
the duration of intravascular access procedures. 
Moreover, it was observed that, under PPE‑re‑
stricted conditions, operators were able to obtain 
intraosseous access in a shorter time and with 
a higher success rate compared with peripheral 
intravenous access. As the overall quality of ev‑
idence is universally low and limited to experi‑
mental, mostly simulation, trials, an RCT of hu‑
man patients is warranted.
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