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Abstract Objective This article identifies risk factors for and investigates clinical outcomes of
postoperative red blood cell transfusion in patients with skull base meningiomas.
Design Retrospective cohort study.
Setting Single academic medical center.
Participants The transfusion group included patients who had skull base meningio-
mas and who received packed red blood cell (RBC) transfusion within 7 days of surgery.
The no transfusion group included patients who had skull base meningiomas but who
did not have RBCs transfused within 7 days of surgery.
Main Outcome Measures In-hospital complication rate, length of stay (LOS), and
discharge disposition.
Results One hundred and ninety-six patients had a craniotomy for resection of a
meningioma at our institution from March 2013 to January 2017. Seven patients had
skull base meningiomas and received RBC transfusion within 7 days of surgery (the
transfusion group). The skull base was an independent risk factor for transfusion after
we controlled for the effect of meningioma size (OR 3.89, 95% CI 1.34, 11.25).
Operative time greater than 10 hours was an independent risk factor for prolonged
hospital stay (OR 8.84, 95% CI 1.08, 72.10) once we controlled for the effect of
transfusion. In contrast, transfusion did not independently impact LOS or discharge
disposition once we controlled for the effect of operative time.
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Introduction

Red blood cell (RBC) transfusion is used to raise the blood’s
oxygen-carrying capacity. The 2016 AABB guidelines (for-
merly the American Association of Blood Banks) considers
transfusion appropriate at hemoglobin values of 7 to 8 g/dL in
a hemodynamically stable patient without active bleeding.1

Transfusion is generally not indicated at hemoglobin values
between 8 and 10 g/dL, but may be appropriate in some
settings including symptomatic anemia and ongoing bleed-
ing.2 Other transfusion guidelines are available for a wide
range of clinical settings.3–8 However, guidelines for RBC
transfusion in brain tumor patients have not yet been
established, in part due to the paucity of available literature.

Currently, most studies focus on transfusions in subar-
achnoid hemorrhage, traumatic brain injury, and spine sur-
gery.9 Risk factors for and clinical outcomes of RBC
transfusion in skull base surgery have not been thoroughly
investigated. Critical neurovascular structures enter the
cranial vault at the level of the skull base and resection of
even benign lesions such as meningiomas can be incredibly
complex. Consequently, the risk of bleeding and postopera-
tive anemia is higher. Addressing those complications is a
principal concern of skull base surgeons.

Here, we present a retrospective review of patients who
underwent resection of a skull base meningioma and com-
pared patients who had RBCs transfused in the postoperative
period to patients who did not have RBCs transfused in the
postoperative period. The study objectives are to identify risk
factors forandto investigateclinicaloutcomesofpostoperative
RBC transfusion in patients with skull base meningiomas.

Patients and Methods

Study Design
We retrospectively reviewed adult patients who had a
craniotomy for resection of a meningioma at a single aca-
demic medical center over 4 years (March 2013–January
2017) and identified patients who had skull base meningio-
mas. The study population included patients who had non-
recurrent skull base meningiomas, antiplatelet therapy
discontinued at least 7 days before surgery, a preoperative
baseline hemoglobin value above 9 g/dL, and a normal
international normalized ratio (INR).

We stratified patients into transfusion and no transfusion
groups. The transfusion group included patients who had
skull base meningiomas and who received RBC transfusion
within 7 days of surgery. The no transfusion group included
patients who had skull base meningiomas but who did not
have RBCs transfused within 7 days of surgery. The institu-
tional review board approved this study.

Data Extraction
We extracted demographic characteristics (age, sex, and
race), medical histories, hemoglobin value, platelet counts,
prothrombin time, INR, meningioma size, features of vessel
encasement, preoperative embolization status, American
Society of Anesthesiologist (ASA) class, operative time, Simp-
son grade, World Health Organization (WHO) grade, and
days to transfusion from the electronic medical record. We
did not extract estimated blood loss (EBL) from the pre-
operative note because this metric is underestimated. We
also trended hemoglobin values through discharge in the
transfusion group.

To investigate meningioma size as a biomarker for trans-
fusion, we retrieved maximal diameters (cm) from preo-
perative radiologic records. Our outcomes of interest
included in-hospital complication rate, length of stay (LOS)
in days, and discharge disposition. We defined a prolonged
hospital stay as a total LOS equal to or greater than 14 days.
We defined routine discharge as a discharge to home, and
nonroutine discharge as a discharge other than to home.

Statistical Analyses
We performed univariate analyses to compare the transfu-
sion and no-transfusion groups.We performed Pearson’s and
point biserial correlations for continuous and dichotomized
dependent variables, respectively. We performed multivari-
ate analyses using logistic regression and theMantel–Haens-
zel method10 to evaluate potential risk factors for blood
transfusion and the outcomes of interest.

We divided operative time and meningioma size into
quartiles and then dichotomized those values to identify
cutoff thresholds at which the risk of transfusion was sig-
nificant. We defined statistical significance as a p-value of
less than 0.05. We performed statistical analyses using R
version 3.4.0 (University of Auckland, New Zealand) and SAS
Studio (SAS Institute, Cary, North Carolina, United States).

Results

One hundred and ninety-six patients had a craniotomy for
resection of a meningioma at our institution from March
2013 to January 2017. Seven patients had skull base menin-
giomas and had RBCs transfused within 7 days of surgery
(the transfusion group). Patients who had skull base menin-
giomas were more frequently transfused with RBCs within 7
days of surgery (18.92% vs. 5.66%, p ¼ 0.02) and the skull
base was an independent risk factor for transfusion after we
controlled for the effect of meningioma size (odds ratio [OR],
3.89, 95% confidence interval [CI], 1.34, 11.25).

The transfusion group was older (67.29 vs. 57.03 years,
p ¼ 0.03) and had larger tumors (5.64 vs. 3.44 cm,

Conclusions The skull base is an independent predictor of RBC transfusion. However,
RBC transfusion alone cannot predict LOS or discharge disposition in patients who
undergo surgical resection of a skull base meningioma.
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p < 0.001), longer operative times (10.52 vs. 7.19 hours,
p ¼ 0.002), longer hospital stays (19.93 vs. 4.93 days,
p < 0.001), and more nonroutine discharges (71.43% vs.
10%, p < 0.001) than the no transfusion group. Patient age
(Rpb ¼ 0.35, p ¼ 0.03), meningioma size (Rpb ¼ 0.56,
p < 0.001), and operative time positively correlated with
transfusion (Rpb ¼ 0.48, p ¼ 0.002).

Univariable analyses (►Table 1) showed that meningioma
size greater than 5 cm was a risk factor for transfusion (OR
75, 95% CI 5.80). Operative time greater than 10 hours was a
risk factor for transfusion (OR 12.50, 95% CI 1.87, 83.60), in-
hospital complications (OR 5.25, 95% CI 1.11, 24.91), and
nonroutine discharge (OR 8.00, 95% CI 1.42, 44.92). Multi-
variable analyses (►Table 2) showed that operative time
greater than 10 hours was an independent risk factor for
prolonged hospital stay (OR 8.84, 95% CI 1.08, 72.10) oncewe
controlled for the effect of transfusion.

In contrast, transfusion did not independently impact LOS
or discharge disposition once we controlled for the effect of
operative time. ►Table 3 summarizes the transfusion group
and ►Fig. 1 shows the trends in hemoglobin values for the
transfusion group. A lower postoperative hemoglobin value
was a risk factor for transfusion (OR 0.30, 95% CI 0.11, 0.78).
On average, the duration from surgery to transfusion was
2.10 � 1.61 days. Fifty-seven percent of patients had RBCs
transfused at hemoglobin values between 7 and 8 g/dL.
Forty-three patients had RBCs transfused at hemoglobin
values between 8 and 10 g/dL. On average, we transfused
1.86 � 0.69 units and 520.71 � 193.98 mL of RBCs. We did
not observe adverse transfusion reactions during any index
hospitalization.

Discussion

Several studies in the neurosurgical literature have reported
on the impact of blood transfusions onmorbidity and mortal-
ity. We summarized these studies in a recent systematic
review, which showed that most articles focused on subar-
achnoid hemorrhage and traumatic brain injury.9 Only four
clinical studies investigated blood transfusions in brain tumor
surgery and a single paper emphasized complex skull base
surgery.11–14 Thus, the study herein described addresses a
need in neurosurgical discourse.

This study examined clinical and radiographic risk factors
for blood transfusion after resection of skull base meningio-
mas at one academic medical center over a period of 4 years
(March 2013–January 2017). During the specified study per-
iod, a total of 875 patients underwent craniotomy for tumor
resection. Of those 875 patients, 72 patients had at least 1 unit
of RBCs transfused in the perioperative period. Our overall
transfusion rate of8.22% is consistentwith the transfusion rate
reported in a recent national database study.15

The skull base was an independent risk factor for transfu-
sion. Skull base meningiomas are often highly vascular and
can encase large vessels. At our institution, we readily use
virtual reality to visualize the complex angioarchitecture of
these tumors for the purposes of preoperative planning.16

Among skull base meningiomas, vessel encasement was
more frequently reported in the transfusion group but had
no significant effect on outcomes.

The transfusion group had larger tumors than the no
transfusion group. We discovered that meningioma size
greater than 5 cmwas a risk factor for transfusion. However,
the small sample size precluded multivariable analyses.
Therefore, we were unable to determine if meningioma
size greater than 5 cm was an independent risk factor for
transfusion. To investigate meningioma size as a biomarker
for transfusion, we retrieved maximal diameters from pre-
operative radiologic reports and ran correlation analyses to
determine the relationship between size and RBC transfu-
sion. Meningiomas size was not significantly correlated with
units or volume transfused.

To further interrogate the concept of tumor size as a
biomarker for transfusion,wemeasuredmeningiomavolumes
by way of semiautomated three-dimensional tumor volume-
try in a post hoc analysis. We contoured the tumors by
consensus on three standard planes using the image analysis
software ITK-SNAP version 3.4.0 (available at http://www.
itksnap.org).17–19 Still, meningioma volume was not signifi-
cantly correlated with units or volume transfused.

The transfusion group had longer operative times than the
no transfusion group. In one of our cases (operative time of
11 hours), prolonged attempt at hemostasis amid the surgical
bed caused us to order intraoperative complete blood count
and coagulation parameters, which revealed a decrease in
hemoglobin value from 13.30 to 8.60 g/dL and platelet count
from 158,000 to 98,000/µL, and prothrombin time from 11.80
to 13.20 seconds. That patient had1unit of RBCs and 2 units of
plasma transfused in the immediate postoperative period.
That case highlights the need to balance the goal of achieving

Fig. 1 Hemoglobin trends for patients in the transfusion group. The
shaded box represents the surgical procedure (craniotomy for tumor
resection) and the red line in the center of the figure represents the
transfusion. Based on that information, we are able to see hemoglobin
values at four time points: (1) preoperative, (2) postoperative, (3)
pretransfusion, and (4) posttransfusion. All seven patients were
transfused below a hemoglobin threshold of 10 g/dL (dashed lines)
and were stable at discharge (both hemodynamically and
neurologically).
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complete hemostasis with the risk of inducing postoperative
anemia and/or thrombocytopenia. Having said that, the
removalofbone isa tenetof skullbasesurgeryandcan increase
the risk of postoperative bleeding. Thus, meticulous hemos-
tasis of cut bone is essential.

Cohen et al assessed the impact of RBC transfusion in cranial
surgery through the National Surgical Quality Improvement
Program database and demonstrated that compared with
nontransfused patients, patients who received periopera-
tive RBC transfusion had an increased risk of postoperative

Table 1 Univariate analyses

All patients Transfusion No transfusion p-value

Baseline n ¼ 37 n ¼ 7 n ¼ 30

Age, y 59.97 � 11.53 67.29 � 7.06 57.03 � 11.58 0.03

Female, n (%) 29 (78.38) 7 (100) 22 (73.33) 0.31

White race, n (%) 18 (48.64) 1 (14.29) 17 (56.67) 0.09

Nonwhite race, n (%) 19 (51.35) 6 (85.71) 13 (43.33) 0.09

Asian 10 (27.03) 3 (42.86) 7 (23.33)

Hispanic 5 (13.51) 2 (28.57) 3 (10)

Black 2 (5.41) 0 (0) 2 (6.67)

Other 2 (5.41) 1 (14.29) 1 (3.33)

Medical history, n (%)

Liver disease 1 (2.70) 1 (14.29) 0 (0) 0.19

Coagulopathy 4 (10) 1 (14.29) 3 (10) 1

Antiplatelet 10 (27.03) 1 (14.29) 9 (30) 0.65

Anticoagulant 8 (21.62) 2 (28.57) 6 (20) 0.63

Stroke 3 (8.11) 1 (14.29) 2 (6.67) 0.48

Seizure 5 (13.51) 1 (14.29) 4 (13.33) 1

Hemoglobin, g/dL

Preoperative 12.84 � 1.82 12.20 � 1.98 13.08 � 1.70 0.10

Postoperative 11.09 � 1.66 9.45 � 1.06 11.48 � 1.55 0.003

Platelet count, 103/µL

Preoperative 232.27 � 75.45 222.60 � 62.38 234.50 � 78.95 0.91

Postoperative 207.94 � 71.45 215.40 � 72.42 176.9 � 62.50 0.31

Meningioma

Size, cm 3.89 � 1.56 5.64 � 1.27 3.44 � 1.30 < 0.001

Vessel encasement, n (%) 16 (43.24) 5 (71.43) 11 (36.67) 0.09

ASA class, n (%)

I–II 12 (32.43) 1 (14.29) 11 (36.67) 0.40

III–IV 25 (67.57) 6 (85.71) 19 (63.33)

Management

Embolization, n (%) 10 (27.03) 4 (57.14) 6 (20) 0.07

Operative time, h 7.82 � 2.73 10.52 � 1.83 7.19 � 2.51 0.002

Simpson grade, n (%)

I–III 17 (45.95) 2 (28.57) 15 (50) 0.42

IV–V 20 (54.05) 5 (71.43) 15 (50)

WHO grade, n (%)

I 31 (83.78) 5 (71.43) 26 (86.67) 0.57

II 5 (13.51) 2 (28.57) 3 (10)

III 1 (2.70) 0 (0) 1 (3.33)

Outcomes

In-hospital complications, n (%) 12 (32.43) 4 (57.14) 8 (26.67) 0.18

Stroke 3 (8.11) 1 (14.29) 2 (6.67) 0.48

Seizure 3 (8.11) 2 (6.67) 1 (3.33) 0.09

Other 10 (27.03) 3 (42.86) 7 (23.33) 0.36

Length of stay, d 7.76 � 8.70 19.93 � 13.37 4.93 � 3.59 < 0.001

Nonroutine discharge, n (%) 8 (21.62) 5 (71.43) 3 (10) < 0.001

Abbreviations: ASA, American Society of Anesthesiologists; WHO, World Health Organization.
Notel: Bold p-value ¼ statistically significant.
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Table 2 Regression analyses

Transfusion
(ref: no transfusion)

In-hospital
complications

Length of stay
(over 14 d)

Nonroutine discharge

Baseline OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

Age, y 1.11 [1, 1.24] 1.03 [0.96, 1.09] 1.03 [0.92, 1.19] 1.07 [0.98, 1.16]

Male (ref: female) 0.76 [0.62, 0.93] 0.63 [0.11, 3.73] � 0.45 [0.04, 4.31]

Nonwhite (ref: white) 7.85 [0.84, 17.04] 1.52 [0.38, 6.09] 4.53 [0.46, 45.16] 1.79 [0.36, 8.90]

Medical history (ref: no history)

Coagulopathy 1.50 [0.13, 17.04] 8.00 [0.73, 87.25] 2.42 [0.20, 29.23] 4.50 [0.52, 38.65]

Antiplatelet 0.39 [0.04, 3.71] 2.86 [0.63, 12.92] 0.64 [0.06, 6.52] 1.89 [0.36, 9.97]

Anticoagulant 1.60 [0.25, 10.36] 2.63 [0.53, 13.10] 2.89 [0.39, 21.29] 6.25 [1.09, 35.68]

Stroke 2.33 [0.18, 30.10] 4.80 [0.39, 59.14] 3.75 [0.27, 51.37] 9.33 [0.72, 120.41]

Seizure 1.08 [0.10, 11.52] 0.48 [0.05, 4.81] � �
Hemoglobin

Preoperative 0.68 [0.42, 1.08] 0.98 [0.67, 1.43] 0.93 [0.43, 2.00] 0.79 [0.51, 1.22]

Postoperative 0.30 [0.11, 0.78] 0.89 [0.58, 1.37] 0.62 [0.17, 2.21] 0.62 [0.35, 1.10]

Platelet count

Preoperative 1.00 [0.99, 1.01] 1.00 [0.99, 1.01] 1.00 [0.99, 1.01] 1.00 [0.99, 1.01]

Postoperative 0.99 [0.97, 1.01] 1.00 [0.99, 1.01] 1.00 [0.98, 1.02] 1.00 [0.99. 1.01]

Meningioma

Skull base (ref: no) 3.89 [1.34, 11.25] 4.99 [1.95, 12.77] 1.69 [0.41, 6.92] 1.12 [0.40, 3.13]

Vessel encasement (ref: no) 4.32 [0.71, 26.13] 2.49 [0.61, 10.18] 6.67 [0.66, 66.84] 5.70 [0.97, 33.60]

Size, cm 4.06 [1.38, 11.99] 1.08 [0.69, 1.71] 2.20 [0.85, 4.86] 1.54 [0.88, 2.68]

> 5 cm (ref: < 5 cm) 75 [5.80, 970.66] 1.43 [0.11, 18.30] � 6.25 [0.38, 102.71]

ASA class III–IV (ref: I–II) 3.47 [0.37, 32.74] 0.94 [0.22, 4.07] 2.10 [0.21, 21.10] 4.28 [0.46, 39.60]

Management

Embolization (ref: no) 5.42 [0.76, 38.75] 0.86 [0.18, 4.13] 0.64 [0.06, 6.52] 1.89 [0.36, 9.97]

Operative time 1.870 [1.13, 3.08] 1.29 [0.98, 1.71] 1.05 [0.59, 1.87] 1.61 [1.08, 2.39]

> 10 h (ref: < 10 h) 12.50 [1.87, 83.60] 5.25 [1.11, 24.91] 5.35 [0.74, 38.64] 8.00 [1.42, 44.92]

Simpson grade (ref: I–III) 2.35 [0.40, 13.80] 2.17 [0.52, 9.09] 4.00 [0.40, 39.83] 1.56 [0.31, 7.75]

Transfusion (ref: no transfusion) � 4.65 [0.62, 34.94] 38.67 [3.20, 467.74] 11.30 [1.37, 92.72]

Abbreviations: ASA, American Society of Anesthesiologists; CI, confidence interval; OR, odds ratio; Ref, reference.

Table 3 Summary of the transfusion group

Patient Skull base meningioma Management Transfusion Outcomes

Age/sex Location Size Volume Embo Crani Simpson WHO OT Days Hb U mLa Comp LOS Dispo

74/F SW/PC 6.5 120.4 Yes PT IV I 11 0.25 8.6 2 620 Other 23.83 SNF

65/F SW 8 161.8 No PT IV II 7 2.75 7.3 3 825 Seizure 46.36 SNF

65/F PS 5.2 34.75 Yes FR IV I 12 1.19 8.4 1 275 Stroke 10.11 Home

58/F SW/PC 5.1 34.7 Yes FT II I 12 1.90 7.4 2 550 None 7.58 ARU

60/F SW 5.4 67.32 No FT IV II 9 3.99 7.3 2 550 None 17.84 SNF

75/F PS/OG 4 22.95 No FR III I 11 4.21 7.6 2 550 Seizure 23.47 SNF

74/F SW 5.3 65.18 Yes PT IV I 11 0.38 8.2 1 275 None 10.33 Home

Abbreviations: Comp, in-hospital complications; Crani, craniotomy (approach); Days, days from surgery to transfusion; Dispo, discharge disposition;
Embo, preoperative embolization; F, female; FR, frontal; FT, frontotemporal; Hb, pretransfusion hemoglobin value; LOS, length of stay; OG, olfactory
groove; OT, operative time in hours (rounded up); PC, paraclinoid; PS, planum sphenoidale; PT, pterional; Size, maximal tumor diameter in
centimeters; SW, sphenoid wing; Vol, tumor volume in millimeters; WHO, World Health Organization.
aOne unit of packed red blood cells is defaulted to a volume of 275 mL.
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complications, return totheoperating room,prolongedhospital
stays, and in-hospital mortality.15 In our study, the transfusion
groupwas older and had larger tumors, longer operative times,
longer hospital stays, and more nonroutine discharges than
the no transfusion group. The United States Department of
Health andHuman Services Administration on Aging estimates
that�28%ofnoninstitutionalizedelderlypersons livealoneand
this may influence discharge disposition.20

Importantly, larger meningiomas and longer procedures
were risk factors for transfusion, but transfusion did not
independently impact LOS or discharge disposition once we
controlled for the effect of operative time. In fact, operative
time greater than 10 hours was an independent risk factor
for prolonged hospital stay once we controlled for the effect
of transfusion. Thus, efforts should focus on safely reducing
operative time.

Limitations and Practice Recommendations

There are several important limitations in addition to the
retrospective study design. First, we focused on skull base
meningiomas and this restricts the generalizability of our
conclusions. To mitigate this, we retrieved data for all
meningiomas resected at our institution during the same
time period and provided comparisons when appropriate.

Second, there are likelyother variables that affect the riskof
transfusion thatwedidnotmeasure in this study. For example,
EBL is grossly underestimated, and thus, we chose not to
evaluate it as a risk factor for transfusion. Our data suggested
thatmore patientswere successfully embolized in the transfu-
sion group, but this did not reach statistical significance.

Third, our analysis was low-powered, which made it
difficult to perform a subgroup analysis comparing transfu-
sion strategies. In a previous study, Carson et al reviewed 31
randomized trials that compared transfusion strategies and
reported that restrictive strategies resulted in no difference
in in-hospital mortality, overall infection rate, functional
recovery, LOS, or risk of myocardial infarction when com-
pared with liberal transfusion strategies.21

In adult patients undergoing craniotomy for resection of
skull base meningiomas, there remains insufficient data to
advocate a specific transfusion strategy. Our recommenda-
tion is to transfuse at hemoglobin levels of 7 to 8 g/dL.
However, in our study, 3/7 patients were transfused above
that level. Thus, it is important to recognize the need to
provide feedback and education to clinicians regarding RBC
transfusion guidelines.22

Conclusion

In conclusion, we identified several risk factors for RBC
transfusion following resection of skull base meningiomas:
Those risk factors included skull base location, meningioma
size greater than 5 cm, and operative time greater than
10 hours. We discovered that the latter was an independent
risk factor for prolonged hospital stay once we controlled for
the effect of transfusion. However, transfusion alone cannot
predict LOS or discharge disposition.
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