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Introduction: We sought to assess the incidence and risk factors of bleeding after ultrasound-guided
internal jugular (USGI]) catheter insertion in severely thrombocytopenic cancer patients, as safe
platelet (PLT) count threshold remains controversial.

Methods: Retrospective study of 52 patients with hematologic malignancies and severe thrombocyto-
penia who underwent USG]J catheter insertion between 2014 and 2016. Group A included patients with
prophylactic PLT transfusion and Group B without. Statistical analysis was performed.

Results: Group A included 28 patients and Group B 24. Baseline characteristics were equally distributed.
Median catheter size was 12 Fr and tunneled in 20/52 patients. Median PLT count was not statistically
different between the groups, before transfusion and after the procedure. Postoperative minor bleeding
occurred in 10/52 patients, similar between groups. Lower PLT count, larger catheter caliber and trend for
AML diagnosis were identified as risk factors for bleeding. Age, gender, BMI, renal dysfunction and
tunneled insertion were not significant.

Conclusion: Incidence of minor bleeding is low in severely thrombocytopenic patients after USGI]J
catheter insertion. Prophylactic platelet transfusion may be reserved for patients with identified risk

factors.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Bleeding due to thrombocytopenia is a common problem in
patients with malignancy undergoing chemotherapy and especially
in hematologic malignancies. The association between thrombo-
cytopenia and increased risk of bleeding has clearly been estab-
lished and platelet (PLT) transfusions have been reported to
decrease the risk of bleeding risk and therapy-related mortality in
thrombocytopenic patients.! PLT transfusions are currently used in
cancer patients either prophylactically to reduce the risk of
bleeding or therapeutically to control active bleeding” with more
than 70% of transfusions being prophylactic.’ Patients with hema-
tologic malignancies often require placement of central venous
catheters, which could be needed either short or long term and for
variety of reasons such as chemotherapy, stem cell therapy, plas-
mapheresis, dialysis or resuscitation. Due to the perceived risk of
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bleeding in patients with profound thrombocytopenia, a large
number of physicians are often hesitant to perform these proced-
ures without prophylactic PLT transfusions. The platelet count
threshold recommended prior to central venous catheter (CVC)
insertion varies significantly in the literature, However, a recent
clinical practice guideline from the American Association of Blood
Banks recommends a threshold 20 x 10°/L or less for prophylactic
transfusion.* Ultrasound-guided access has been widely adopted as
a safer technique, even in patients with normal PLT counts.'” The
goal of the current study is to address the existing discrepancy
related to the incidence of bleeding after ultrasound-guided inter-
nal jugular (USGIJ) CVC insertion in severely thrombocytopenic
cancer patients, with and without PLT transfusion, and also identify
potential risk factors for procedure-related bleeding.

Methods

This is a retrospective study of consecutive cancer patients with
severe thrombocytopenia (PLT count <50 x 10°/L) who underwent
USGIJ CVC insertion (December 2014—September 2016) in single
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tertiary referral cancer center. The study was approved by the
Institutional Review Board. Demographics, clinical and laboratory
data were collected retrospectively from the institution's electronic
health record.

All CVCs were inserted using modified Seldinger technique
under ultrasound guidance in the internal jugular vein with range
of one to four lumen catheters. CVCs were inserted by experienced
vascular surgery staff as an outpatient or inpatient procedures.
Fluoroscopy or post procedure chest x-ray was used to confirm
correct location of placed catheter.

The cohort was divided into two groups based on whether pa-
tients received prophylactic platelet transfusion, either prior or
during the procedure or did not receive such transfusion. The de-
cision to administer prophylactic platelet transfusion in prepara-
tion for CVC insertion was made by the primary oncology service.
The choice between the two types of platelet products transfused,
platelet concentrate (Pooled platelets) versus apheresis platelets
(single donor platelets), was determined according to availability of
the institution's blood bank. For the study analysis, both types of
platelet transfusions were adjusted into units, based on count and
volume. Pre and post-procedure platelet counts were collected
retrospectively. Platelet transfusion prior to procedure was at the
discretion of the treating primary oncology physician. The hemo-
globin (Hgb) values before and after the CVC insertion and the
requirement for post-procedure packed red blood cell (PRBC)
transfusion were also recorded.

All patients in the cohort had normal or corrected coagulation
parameters prior to CVC placement per institution protocol. Post-
procedure bleeding was classified based on the definition of US
DHHS Common terminology criteria for adverse events (CTCAE) (5)
(Table 1).

Endpoints

The primary endpoint was identification of the rate and grade of
post-procedure bleeding, evaluated by clinical examination of the
insertion site and recorded daily in all cases by a registered nurse
and the physician that placed the CVC.

Secondary endpoints were identification of new onset post-
procedure anemia and potential risk factors for bleeding,
including baseline active and chronic diagnoses, demographics,
pertinent laboratory parameters and procedural characteristics.

Statistical analysis

All data was managed and retained at institutional database. The
medians and proportions were calculated for descriptive statistics.
Mann-Whitney U test was used for continuous variables and
Fisher's exact test for categorical variables. Univariate analysis was

Table 1
Classification of procedural bleeding by CTCAE.

used to preselect possible risk factors for bleeding in the patient
cohort. Those variables were then used as candidates for a multi-
variate logistic regression model to calculate the predictors for
bleeding, reported as odds ratios (OR) with confidence intervals
(CI). Spearman rank correlation was applied to evaluate the asso-
ciation between two variables. Reported P values were two-sided
and a value P <0.05 was considered statistically significant. Sta-
tistical analysis was performed using STATA/IC 14.2 (StataCorp,
College Station, TX).

Results

We identified 52 patients who underwent USGI] CVC placement
procedure.There were no patients with post-procedure bleeding of
grade 2 or higher in the cohort. The overall incidence of post pro-
cedure grade 1 bleeding was 19% (10/52), none of which required
revision, application of manual pressure or blood product trans-
fusion. The median platelet count at the time of CVC insertion for all
patients was 24 x 10°/L (IQR:12—33). The median age of cohort was
56.5 years old (IQR:41—65.5) and body mass index (BMI) was 25.3
(IQR:23.1—-29.3). The median CVC size was 12 F (IQR:8—14). 38% of
patients (20/52) had tunneled catheter placed. Acute myelogenous
leukemia (AML) was the primary diagnosis in 29/52 (56%) patients
while the rest 23/52 (44%) had the diagnosis of other hematologic
malignancies.

Patients were divided into two groups based on whether they
received prophylactic platelet transfusion (group A) or no trans-
fusion (group B). Demographics, baseline comorbidities and pro-
cedural characteristics were equally distributed between the two
groups (Table 2).

The median platelet count before the procedure was lower in
group A patients 19.5 (IQR:11-28.5) x10°/L versus 29.5
(IQR:20—34) x10°/L in group B, but not significantly (P=0.091).
After the procedure, the platelet count was 27.5 (IQR:16—45) x10°/L
in group A, and 26.5 (IQR:18—35) x10°/L in group B, (P=0.44)
(Fig. 1). There was a mild trend towards prophylactic platelet
transfusion in patients with lower baseline platelet count (Spear-
man's rho=-0.237, P=0.091). In regard to the rate of post-
procedure bleeding, there was no significant difference between
the two groups (21% in group A vs. 17% in group B, P=0.736)
(Fig. 2). The median platelet count of patients with post-procedure
bleeding in the cohort was lower, but not statistically significant, 18
vs 27.5 x 10°/L, P = 0.358.

Seventeen patients (32.7%) of the cohort received PRBC, which
correlated mainly with pre-procedure lower hemoglobin
(rho=-0.596, P<0.01) rather than post-procedure bleeding
(rho=0.283, P <0.05). Adjusted multivariate regression analysis
showed that higher platelet count was protective (OR, 0.85 [95%CI
0.74—0.98], P < 0.03) against post-procedure bleeding. In addition,

Procedural complications

Grade
Adverse event 1 2 3 4 5
Postoperative Minimal bleeding identified on clinical Moderate Transfusion indicated of > 2 units Life-threatening consequences; Death
hemorrhage exam; intervention not indicated bleeding; (10 cc/kg for pediatrics) pRBCs beyond urgent intervention indicated

radiologic, protocol specification; urgent radiologic,

endoscopic, or endoscopic, or operative intervention

operative indicated

intervention

indicated

CATCAE; Common Terminology Criteria for Adverse Events.
CTCAE 4.03 - June 14, 2010: Injury, poisoning and procedural complications.
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Table 2
Characteristics of thrombocytopenic patients who underwent USGI] CVC placement procedures.
Group A (n=28) Group B (n=24) P value

Demographics
Age, years 58.5 (40—63) 54.5 (43.5—66) 0.748
Male gender 13 (46.4) 13 (54.2) 0.391
BMI, kg/m2 24.7 (22.9-27.8) 26.7 (23.6—29.6) 0.295
Clinical data
AML diagnosis 15 (53.6) 14 (58.3) 0475
Other hematologic malignancies 13 (46.4) 10 (41.7) 0.475
CRF 2 (42.9) 8 (33.3) 0.339
Tunneled catheter 10 (35.7) 10 (41.6) 0.776
CVC french size 2 (8-13.75) 12 (8—14) 0.748
Internal Jugular Access
Right 25 (89.3) 21 (87.5) 0.588
Left 3((10.7) 3(12.5) 0.588

USGI]J CVC, Ultrasound guided Internal Jugular Central Venous Catheter; BMI, Body Mass Index; AML, Acute Myelogenous Leukemia; CRF, Chronic Renal Failure (eGFR

<60 mL/min/1.73 m?); IQR, interquartile range.

Continuous variables are reported as median (IQR). Categorical variables are reported as number (percentage). P values from continuous variables were derived from
Mann-Whitney U test. P values from categorical variables were derived from Fisher's exact test.

a larger CVC French size predicted higher risk of bleeding (OR, 1.86
[95% CI 1.01-3.39], P < 0.05). Although not significant, there was a
trend towards bleeding with acute myelogenous leukemia (AML)
diagnosis (OR, 9.97 [95% CI 0.92—107.51], P =0.058). We did not
find that age, gender, BM], renal dysfunction, baseline anemia and
tunneled insertion were significant predictors (Fig. 3).

Discussion

Patients with hematologic malignancies often develop severe
thrombocytopenia as a consequence of either the disease or the
treatment, including stem cell transplant and chemotherapy. Usu-
ally, platelet transfusions are implemented to raise the platelet
count and reduce the risk of clinical bleeding (prophylaxis) or stop
active bleeding (therapy). Many studies have shown that prophy-
laxis from bleeding is the most common indication for adminis-
tration of platelet transfusions to thrombocytopenic patients with
hematologic malignancies,>* with central venous catheter inser-
tion being the most common intervention that requires prophy-
lactic platelet transfusions.? In a review of literature, it was found

that recommendations regarding prophylactic platelet transfusion
guidelines have varied significantly.>®~° Many institutions agree
that a prophylactic platelet transfusion is beneficial in patients with
platelet counts less than 20 x 10%/L prior to CVC placement and that
a platelet transfusion is not needed for patients with a platelet
count greater than 50 x 10°/L, but there is controversy regarding
the need for pre-procedural platelet transfusions in patients with
platelet counts between 20 x 10°/Land 50 x 10°/L. In the past, most
guidelines recommended a pre-procedural platelet transfusion
threshold prior to CVC placement to be 50 x 10°/L, but more recent
guidelines recommend a threshold of 20 x 10°/L.> However, those
are graded as weak recommendations based on low-quality
evidence.

A large retrospective study evaluated the risk of bleeding with
placement of 604 central venous catheters (CVC) in 193 patients
with leukemia that had severe thrombocytopenia. The study did
not have severe bleeding in any of the patients after CVC placement,
and if there was any bleeding it was predominately Grade 1
bleeding (96%) and a small number of Grade 2 bleeding (4%). The
classification of bleeding was based on US DHHS Common
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Fig. 1. Median platelet counts before and after the CVC procedure between the patients that received (Group A) and did not receive (Group B) prophylactic platelet transfusion. P
values for continuous variables were derived from Mann-Whitney U Test. CVC, Central Venous Catheter.
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Fig. 2. Rate of post-procedure bleeding between the patients that received (Group A)
and did not receive (Group B) prophylactic platelet transfusion. The P value for cate-
gorical variables were derived from Fisher exact test.

Terminology Criteria for Adverse Events (CTCAE).” The authors also
found that patients with platelet counts less than 20 x 10°/L
benefited from platelet transfusions prior to the procedure since
this group was found to have a higher risk of non-severe bleeding
post CVC placement.’

Several other non-randomized retrospective studies have
demonstrated the safety of performing invasive procedures,

including central venous catheter placement, without clinically
significant bleeding in patients with thrombocytopenia who did
not receive prophylactic platelet transfusions.!' > The imple-
mentation of a platelet count threshold above which a platelet
transfusion is required prior to central venous catheter insertion is
therefore debatable. There is great uncertainty whether platelet
transfusions are effective at preventing bleeding in patients with
thrombocytopenia undergoing an invasive procedure, especially
since these transfusions are not without associated adverse events.
The most common reactions are mild to moderate and include
rigors, fever, and urticaria.'® Rarely, more serious sequelae include
anaphylaxis, transfusion-transmitted infections, transfusion-
related acute lung injury and immunomodulatory effects.®6-18
The requirement to administer platelet transfusions to correct
thrombocytopenia prior to central line insertion may additionally
delay the start of treatments, which may be time-critical especially
in a patient in an intensive care unit. In addition, prophylactic
utilization of limited blood bank resources such as platelets, is
costly and could decrease the availability for patients with active
bleeding in the operating room or the wards. In thrombocytopenic
patients with hematologic malignancy, especially acute leukemia,
platelet counts maybe refractory to transfusion as shown in liter-
ature.” In the current study, we did not evaluate the platelet counts
after administration of platelets but after the procedure, which
allowed us to compare the primary outcome in the two groups
based on whether they received platelet transfusion.

Regardless of the platelet threshold for transfusion, many
studies have shown that the risk of bleeding after a central venous
catheter insertion appears to be low if an ultrasound-guided
technique is used.'>'* A systematic review showed that ultra-
sound guidance significantly reduced the failure rate of internal
jugular vein cannulation (RR 0.14, [CI 0.06 to 0.33]) compared to
using an anatomical landmark method.'* In one retrospective study
by Cavanna et al,, 1978 ultrasound-guided CVC procedures were
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Fig. 3. The x-axis represents the Odds ratio on a log scale with the reference line (red), Odds ratios (diamond) and 95% CI (whiskers). AML, Acute myelogenous leukemia; CVC,
Central venous catheter; Cl, Confidence intervals. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.
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performed in 1660 patients who had a solid or hematologic ma-
lignancy, of which 116 had a platelet count below 50 x 10°/L, and 70
had a platelet count below 20 x 10°/L. None of the patients expe-
rienced major bleeding.

Our study evaluated the risk of bleeding after placement of [JCVC
in patients with and without prophylactic platelet transfusion.
Clinically there was no major bleeding on either group and there
was no difference in the incidence of minor bleeding, which was
observed in less than one-fifth of the cohort. Blood transfusion was
provided in approximately one-third of the patients, similar in both
groups and it was mostly associated with baseline anemia rather
than bleeding. These results correlate with other studies in the
literature, which evaluated outcomes in patients with similar
characteristics.*%9—14 After adjusting for prophylactic platelet
transfusion and other variables, lower platelet counts and large-
bore CVC predicted minor bleeding. Although the post-procedure
median platelet count was lower in patients that experienced
postoperative bleeding (18 vs 27.5 x 10°/L), it did not reach statis-
tical significance possibly due to decreased number of patients in
the entire cohort that had profound thrombocytopenia (<20 x 10/
L) after prophylactic platelet transfusion and also the potential
contribution of other risk factors towards the occurence of
bleeding. However, increasing platelet counts was found to be
protective after accounting for other parameters. We also found
there was a trend towards bleeding in patients with AML diagnosis
rather than any other diagnosis, which might be attributed to a
different platelet function and activity in AML versus other hema-
tologic malignancies as reported in other studies.”® Interestingly,
we did not find that baseline renal dysfunction or tunneled CVC
insertion to be significant predictors of bleeding in these patients,
possibly due to the smaller sample size.

Despite the low degree and rate of bleeding following CVC
placement, other technical factors may have significant role in the
decision-making regarding prophylactic platelet transfusion. As
many of those patients have multiple prior catheters, the risk of
central venous stenosis or occlusion increases and thus the risk of
intra-thoracic major vein injury. Although we did not encounter
any patients in our cohort with suspicion of such injury, based on
chest radiography, clinical examination and laboratory parameters,
it is possible that it may occur with potentially serious complica-
tions in patients with severe thrombocytopenia.

This study has specific inherent limitations. Being a retrospec-
tive, single center and small cohort study, is subject to selection
bias. Also, the decision for transfusion administration in patients
with hematologic malignancy and severe thrombocytopenia was
provider dependent although based on national guidelines. Also,
despite the application of graded assessment of post-procedure
bleeding, there can be a degree of subjectivity. Therefore, deter-
mination of the primary outcome was based on two clinical
assessments.

In conclusion, our study demonstrates that ultrasound guided
[JCVC placement in cancer patients with severe thrombocytopenia
is relatively safe, as it can be associated with low risk of clinically
insignificant bleeding. Prophylactic platelet transfusion prior to the

procedure can be minimized and reserved mostly for patients with
profound thrombocytopenia and specific risk factors, such as acute
myelogenous leukemia and need for large-bore central venous
catheter.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.amjsurg.2018.06.019.

References

1. Gaydos LA, Freireich EJ, Mantel N. The quantitative relation between platelet
count and hemorrhage in patients with acute leukemia. N Engl ] Med.
1962;266:905—909.

2. McCullough J. Overview of platelet transfusion. Semin Hematol. 2010;47:
235-242.

3. Strauss RG, Blanchette VS, Hume H, et al. National acceptability of american
association of blood banks pediatric hemotherapy committee guidelines for
auditing pediatric transfusion practices. Transfusion (Bethesda). 1993;33:
168—-171.

4. Kaufman RM, Djulbegovic B, Gernsheimer T, et al. Platelet transfusion: a clinical
practice guideline from the AABB. Ann Intern Med. 2015;162(3):205—213.

5. US Department of Health and Human Services, National Institutes of Health, Na-
tional Cancer Institute. Common Terminology Criteria for Adverse Events (CTCAE).
2009:1195.

6. Diedrich B, Remberger M, Shanwell A, et al. A prospective randomized trial of a
prophylactic platelet transfusion trigger of 10 x 10(9) per L versus 30 x 10 (9)
per L in allogeneic hematopoietic progenitor cell transplant recipients. Trans-
fusion (Bethesda). 2005;45:1064—1072.

7. Heckman KD, Weiner GJ, Davis CS, et al. Randomized study of prophylactic
platelet transfusion threshold during induction therapy for adult acute leuke-
mia: 10,000/microL versus 20,000/microL. J Clin Oncol. 1997;15:1143—1149.

8. Estcourt L, Stanworth S, Doree C, et al. Prophylactic platelet transfusion for
prevention of bleeding in patients with haematological disorders after
chemotherapy and stem cell transplantation. Cochrane Database Syst Rev.
2012;5. CD0042669.

9. Zeidler K, Arn K, Senn O, et al. Optimal preprocedural platelet transfusion
threshold for central venous catheter insertions in patients with thrombocy-
topenia. Transfusion (Bethesda). 2011;51:2269—2276.

10. Cavanna L, Civardi G, Vallisa D, et al. Ultrasound-guided central venous cath-
eterization in cancer patients improves the success rate of cannulation and
reduces mechanical complications: a prospective observational study of 1,978
consecutive catheterizations. World J Surg Oncol. 2010;8:91.

11. Haas B, Chittams ], Trerotola S. Large-bore tunneled central venous catheter
insertion in patients with coagulopathy. J Vasc Intervent Radiol. 2010;21(2):
212-217.

12. Foster P, Moore L, Sankary H, Hart M, Ashmann M, Williams J. Central venous
catheterization in patients with coagulopathy. Arch Surg. 1992;127(3):
273-275.

13. Hong Pheng Loh A, Hon Chui C. Port-A-Cath insertions in acute leukemia: does
thrombocytopenia affect morbidity? J Pediatr Surg. 2007;42:1180—1184.

14. Hind D, Calvert N, McWilliams R, et al. Ultrasonic locating devices for central
venous canulation: meta-analysis. BMJ. 2003;327(7411):361.

15. Psaila B, Bussel JB, Frelinger AL, et al. Differences in platelet function in patients
with acute myeloid leukemia and myelodysplasia compared to equally
thrombocytopenic patients with immune thrombocytopenia. ] Thromb Hae-
mostasis. 2011;9(11):2302—2310.

16. Heddle NM, Webert K. Investigation of acute transfusion reactions. In:
Murphy MF, Pamphilion DH, eds. Practical Transfusion Medicine. fourth ed.
Blackwell; 2009:63—89.

17. Benson AB, Moss M, Silliman CC. Transfusion-related acute lung injury (TRALI):
a clinical review with emphasis on the critically ill. Br ] Haematol. 2009;147(4):
431-443.

18. Blumberg N, Spinelli SL, Francis CW, Taubman MB, Phipps RP. The platelet as an
immune cell - CD40 ligand and transfusion immune modulation. Immunology
Research. 2009;45:251—-260.


https://doi.org/10.1016/j.amjsurg.2018.06.019
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref1
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref1
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref1
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref1
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref2
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref2
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref2
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref3
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref3
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref3
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref3
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref3
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref4
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref4
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref4
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref5
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref5
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref5
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref6
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref7
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref7
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref7
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref7
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref8
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref8
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref8
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref8
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref9
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref9
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref9
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref9
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref10
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref10
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref10
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref10
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref11
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref11
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref11
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref11
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref12
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref12
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref12
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref12
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref13
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref13
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref13
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref14
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref14
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref15
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref15
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref15
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref15
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref15
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref16
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref16
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref16
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref16
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref17
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref17
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref17
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref17
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref18
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref18
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref18
http://refhub.elsevier.com/S0002-9610(18)30604-4/sref18

	Risk of bleeding after ultrasound-guided jugular central venous catheter insertion in severely thrombocytopenic oncologic p ...
	Introduction
	Methods
	Endpoints
	Statistical analysis

	Results
	Discussion
	Appendix A. Supplementary data
	References


