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Abstract

Diamond-Blackfan syndrome (DBS) is a rare autosomal dominant ri-
bosomal disorder. Patients present primarily with severe hypoplastic 
anemia and reticulocytopenia. Due to the craniofacial defects, cardiac 
pathology, short stature, and skeletal abnormalities, surgical and anes-
thetic care are frequently required. The associated structural anoma-
lies and end-organ involvement may impact the perioperative care. 
We present an 18-year-old adolescent with Diamond-Blackfan ane-
mia (DBA) who required anesthetic care for posterior spinal fusion. 
Previous reports of anesthetic care for these patients are reviewed, the 
end-organ involvement is discussed, and options for anesthetic care 
are presented.
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Introduction

Diamond-Blackfan anemia (DBA) was originally described in 
1936 by Josephs and was further categorized as a congenital 
hypoplastic anemia by Diamond and Blackfan in 1938 [1, 2]. 
DBA has also been previously known as congenital hypoplas-
tic anemia, Aase syndrome, and Aase-Smith syndrome II. It 
is a rare ribosomal disorder with an incidence of 5 - 7 per one 
million live births [3-5]. Familial cases of DBA suggesting 
autosomal dominant inheritance have been reported while the 
presence of cytogenetic abnormalities in some patients has led 

to the identification of the DBA locus on human chromosome 
19. Mutations in the 12 genes that encode ribosomal proteins 
have been identified in patients with Diamond-Blackfan syn-
drome (DBS) [6-11].

The initial presentation is generally related to bone mar-
row dysfunction with severe hypoplastic anemia and reticu-
locytopenia. Associated involvement in other end-organs may 
include craniofacial defects, cardiac pathology, short stature, 
and skeletal abnormalities including scoliosis [12]. Bone mar-
row involvement is generally limited to the red cell lineage 
with a normal leukocyte and platelet count. There are associat-
ed congenital malformations in approximately 50% of affected 
individuals and growth retardation in 30% [5, 13-15]. Hemato-
logic involvement is noted in 90% of affected individuals dur-
ing the first year of life [16, 17]. Corticosteroid treatment can 
initially improve the red blood count in approximately 80% 
of patients. Eventually, 40% of affected individuals will be 
corticosteroid-dependent, 40% transfusion-dependent while 
remission occurs in 20% [14, 18]. Hematopoietic stem cell 
transplantation is the only curative therapy for the hematologic 
manifestations of DBA. Transfusion-related iron overload is 
the most common complication in transfusion-dependent in-
dividuals. DBA is associated with an increased risk for acute 
myelogenous leukemia, myelodysplastic syndromes, and solid 
tumors including osteogenic sarcoma. Given the associated 
congenital anomalies, the need for chronic transfusion therapy, 
and therapy-related adverse effects, these patients may need 
anesthetic care during surgery for congenital heart disease, 
repair of cleft palate, placement of chronic venous devices 
(Hickman catheter), radiology imaging, and posterior spinal 
fusion to treat kyphoscoliosis. We present an 18-year-old ado-
lescent with DBA who required anesthetic care for posterior 
spinal fusion. Previous reports of anesthetic care for these pa-
tients are reviewed, the end-organ involvement is discussed, 
and options for anesthetic care are presented.

Case Report

Institutional Review Board approval is not required at Nation-
wide Children’s Hospital (Columbus, OH) for the presentation 
of single case reports. The patient was an 18-year-old 69.9 kg 
adolescent who presented for posterior spinal fusion for the 
treatment of thoracolumbar kyphoscoliosis. His past medi-
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cal history was significant for DBA (steroid responsive) with 
an RPL11 mutation confirmed by genetic analysis, managed 
by multiple blood transfusions and corticosteroid therapy. 
The corticosteroid therapy had been withheld for the past 15 
months because of refusal by the family related to concerns of 
adverse effects. His past surgical history was significant for a 
repaired partial anomalous pulmonary venous return (PAPVR) 
at 12 years of age and a history of repeated transfusions of 
allogeneic packed red blood cells (PRBCs) for the treatment 
of anemia. Maternal history was significant for macrocytic 
anemia, thumb anomalies, and heart disease with a murmur. 
The above-noted gene mutation was present in the mother as 
well. He was not currently on any chronic home medications. 
Preoperative physical examination revealed an adolescent in 
no acute distress with moderate scoliosis, macrocephaly, mild 
hypertelorism, and flattening of nasal bridge (Fig. 1), a systolic 
murmur grade II/VI with no signs of congestive cardiac fail-
ure, and thumb anomalies. Airway examination was normal 
including a Mallampati grade I view. Preoperative laboratory 
evaluation including electrolytes, renal function, coagulation 
function, blood glucose and hepatic function was normal. The 
patient has received a transfusion of two units PBRCs 2 days 

prior to day of surgery. The post-transfusion hemoglobin was 
10.8 g/dL with a hematocrit of 32.3%. The MCV was 103.8 
and the serum ferritin was 276 ng/mL (normal range: 31 - 
294 ng/mL). A recent electrocardiogram was normal and the 
echocardiogram demonstrated normal biventricular function 
with evidence of the previous repair of the PAPVR without 
baffle obstruction. Ultrasonography of the kidneys was nor-
mal. Radiographs of the spine showed severe thoracolumbar 
kyphoscoliosis (Fig. 2). Radiographs of both hands showed 
carpo-metacarpal anomalies consistent with DBS (Fig. 3).

The patient was held nil per os for 8 h prior to surgery and 
was transported to the operating room where routine Ameri-
can Society of Anesthesiologists’ monitors were applied. An 

Figure 1. Preoperative photograph of the patient showing macroceph-
aly, mild hypertelorism, and flattening of nasal bridge which are charac-
teristics of patients with Diamond-Blackfan anemia. 

Figure 2. Radiographs of the spine showing severe thoracolumbar ky-
phoscoliosis. 
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18-gauge intravenous cannula was placed in the left hand and 
midazolam (2 mg) administered intravenously prior to anes-
thetic induction. Anesthesia was induced with propofol (200 
mg) and lidocaine (100 mg). Bag-valve-mask ventilation was 
provided without difficulty. Neuromuscular blockade for en-
dotracheal intubation was provided with rocuronium (50 mg) 
and direct laryngoscopy was performed with a Macintosh 4 
blade. Laryngoscopy revealed a Cormack-Lehane grade I view 
and a 7.0 mm cuffed endotracheal tube was placed on the first 
attempt. A 20-gauge arterial cannula was placed in the right ra-
dial artery and a second intravenous cannula was placed in the 
right hand. Tranexamic acid was administered for prevention 
of fibrinolysis and to limit intraoperative blood loss (50 mg/
kg bolus dose followed by an infusion at 5 mg/kg/h). Baseline 
neurophysiological monitoring including motor-evoked poten-
tials (MEP) and somatosensory-evoked potentials (SSEPs) was 
obtained. The patient was turned and positioned prone. Per our 
usual practice to allow for neurophysiological monitoring dur-
ing spinal surgery, anesthesia was maintained with desflurane 
titrated to maintain the bispectral index (BIS) at 50 - 60 and a 
sufentanil infusion of 0.3 - 0.7 µg/kg/h to maintain the mean 
arterial pressure at 55 - 65 mm Hg. Heart rates varied from 50 
to 90 beats per minute with a normal sinus rhythm. Intraopera-
tive fluids included 140 mL of cell saver autologous blood and 
1,285 mL of isotonic crystalloid solution. No allogeneic blood 
products were administered. The estimated blood loss was 400 
mL. During wound closure, the sufentanil and tranexamic acid 
infusions were discontinued. Acetaminophen (1,000 mg) was 
administered intravenously along with incremental doses of 
hydromorphone to provide postoperative analgesia. Following 
completion of the surgical procedure, the patient was turned 
supine and his trachea was extubated when awake. The pa-
tient was transferred to the post-anesthesia care unit (PACU) 
and then admitted to the inpatient surgical ward. Postoperative 

pain control was provided with hydromorphone delivered via 
patient-controlled analgesia. The remainder of his postopera-
tive course was uncomplicated and he was discharged home 
on postoperative day 4. He did not require any further blood 
transfusions and his discharge hemoglobin was 9.4 g/dL.

Discussion

DBA is a congenital red cell hypoplasia first described by Dia-
mond and Blackfan in 1938 [1, 2]. The disease usually presents 
within the first year of life as an anemia with mild macrocytosis, 
a low reticulocyte count indicative of bone marrow failure, and 
the near absence of erythroid precursors in the bone marrow. 
Recent work has identified the genetic cause to be the disrup-
tion of the genes encoding ribosomal proteins [19]. Although 
RPS19 remains the most commonly mutated gene, responsible 
for 25% of DBA cases, our patient had the RPL11 mutation. 
Only 50% of DBA patients have known mutations in ribosomal 
protein genes, leaving the other half of patients with an unknown 
genetic cause of the disease [11]. The primary clinical feature 
of DBA is hematologic involvement with a profound isolated 
normochromic and usually macrocytic anemia. No other cell 
line is affected as patients have a normal leukocyte and platelet 
count. Hematologic manifestations occur during the first year 
of life in 90% of patients with a median age at presentation of 2 
months. Associated congenital malformations are observed in 
approximately 50% of affected individuals with more than one 
abnormality present in up to 25% of individuals [5, 13-16]. The 
most commonly reported abnormalities involve: 1) Face and 
head: microcephaly; ocular hypertelorism; epicanthus, ptosis; 
broad, flat nasal bridge; microtia, low-set ears; cleft lip/palate, 
high arched palate; micrognathia; low anterior hairline. 2) Eye: 
congenital glaucoma, congenital cataract, strabismus. 3) Neck: 

Figure 3. Radiographs of both hands showing carpo-metacarpal anomalies consistent with Diamond-Blackfan anemia. 
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webbed neck, short neck, Klippel-Feil anomaly, Sprengel de-
formity. 4) Upper limb and hand including thumb: absent ra-
dial artery; flat thenar eminence; triphalangeal, duplex, bifid, 
hypoplastic, or absent thumb. 5) Genitourinary: absent kidney, 
horseshoe kidney; hypospadias. 6) Heart (15%): ventricular 
septal defect, atrial septal defect, coarctation of the aorta, other 
congenital cardiac anomalies.

Additionally, 30% of affected individuals will have growth 
retardation which may be influenced by other factors includ-
ing chronic corticosteroid treatment. The diagnosis of classic 
DBA is made when all four of the following diagnostic criteria 
are met: 1) age younger than 1 year at time of presentation of 
anemia; 2) macrocytic anemia with no involvement of platelet 
or leucocytes; 3) low platelet count; 4) normal bone marrow 
cellularity with decreased erythroid precursors.

Patients with DBA may present for procedures such as 
repair of cleft palate, radiologic imaging, bone marrow as-
piration, placement of central venous access devices, and as 
noted in our patient for posterior spinal fusion for correction 
of kyphoscoliosis and surgery for congenital cardiac defects. 
Effective perioperative care begins with a thorough preopera-
tive evaluation including airway examination, an evaluation of 
end-organ function which may be affected by DBA, as well as 
identification of adverse effects related to therapeutic interven-
tions such as long-term corticosteroid treatment. Of primary 
concern to anesthesia providers is the potential for difficult 
endotracheal intubation related to craniofacial abnormalities 
including cleft lip/palate, high arched palate, micrognathia, 
short neck, and Klippel-Feil anomaly. Although these were 
not present in our patient and we experienced no difficulties 
with direct laryngoscopy and endotracheal intubation, such in-
volvement can be seen in up to 50% of DBA patients. Given 
these concerns, the ability to accomplish adequate bag-valve-
mask ventilation should be demonstrated prior to the use of 
neuromuscular blocking agents. Additionally, the appropriate 
equipment for dealing with the difficult airway should be read-
ily available including tools for indirect laryngoscopy [20].

As severe anemia is the hallmark of the disease, routine 
measurement of preoperative hemoglobin is suggested to allow 
for correction of abnormal parameters prior to surgery and for 
the preordering of blood products for the day of surgery. Ad-
ditionally, adequate vascular access should be obtained at the 
time of surgery to allow for the administration of blood prod-
ucts. Family members should be allowed to donate blood prod-
ucts unless it has been determined that a transplant will not be 
performed. Leukocyte-filtered blood products should be used 
to reduce transfusion reactions and limit HLA sensitization in 
the event that bone marrow transplant is planned. Additionally, 
as is our routine practice for such orthopedic procedures which 
may be associated with significant blood loss, various tech-
niques can be employed to limit the need for allogeneic transfu-
sions including maintenance of normothemia, controlled hypo-
tension, the intraoperative use of cell saver, and administration 
of the anti-fibrinolytic agent, tranexamic acid [21].

Preoperative cardiac evaluation including echocardiogra-
phy is suggested to evaluate for the presence of associated con-
genital heart disease as well as to assess myocardial function 
in the presence of long-term transfusion therapy. Our patient 
had partial anomalous pulmonary venous return repair with a 

baffle to left atrium through the superior vena cava at 12 years 
of age. He currently had no symptoms and echocardiography 
demonstrated no obstruction to flow through the baffle. Addi-
tionally, despite the history of chronic transfusion therapy, he 
had normal biventricular function.

Iron overload caused by multiple transfusions leads to free 
iron in heart tissue, which even in low concentrations is toxic 
to cardiomyocytes. Cardiac iron accumulation usually occurs 
after organs such as the liver and spleen have become satu-
rated with iron. The most common form of iron injury to the 
myocardium is congestive cardiomyopathy [22]. Other cardiac 
pathologies linked to excess iron include pericarditis, coro-
nary artery disease, and conduction defects [23]. Sudden death 
due to arrhythmias may occur in patients with advanced iron 
overload [24]. Since cardiac iron burden may increase without 
clinical symptoms until a critical level is reached, after which 
systolic function may deteriorate rapidly, preoperative screen-
ing with an echocardiogram and electrocardiogram is suggest-
ed in patients who are at high risk for iron overload [24, 25].

Chronic RBC transfusion therapy remains necessary in 
many patients with DBA to prevent the severe complications 
of bone marrow failure. However, chronic transfusion therapy 
contributes to iron overload. Successful management and pre-
vention of iron toxicity are dependent on accurate monitoring 
of patients. Monitoring strategies include invasive tests such as 
liver biopsy and the direct measurement of iron concentration, 
which is considered the “gold standard”, or imaging studies 
including magnetic resonance imaging to assess iron loading 
in the liver and heart or magnetic biosusceptometry (SQUID), 
which provides a measurement of hepatic iron concentration 
[26, 27]. However, these diagnostic tests are invasive, expen-
sive, and subject to sampling errors. As such, routine labora-
tory monitoring of plasma or serum ferritin concentration in 
the blood remains the most commonly used test for estimating 
iron burden [27-31]. This test is inexpensive, non-invasive, 
and almost universally available. A serum ferritin greater than 
200 ng/mL in premenopausal women and over 300 ng/mL in 
men, combined with a fasting transferrin saturation greater 
than 50% in women or 60% in men are sensitive markers of 
excess iron [29-31]. Serial serum ferritin values greater than 
1,000 μg/L are considered the threshold for initiation of iron 
reduction therapy in transfusion-dependent patients [32].

Chronic iron overload causes progressive damage to the 
liver, heart, and endocrine glands. In older patients with a his-
tory of long-term, chronic transfusion therapy, an evaluation of 
hepatic function is indicated prior to anesthetic care. Addition-
ally, given the effects of chronic iron overload on pancreatic 
function, blood glucose monitoring is indicated. Many patients 
who require frequent transfusions of RBCs also receive the in-
travenous chelating agent, deferoxamine, or the oral chelating 
agent, deferasirox which act by binding free iron in the blood-
stream and enhancing its elimination in the urine. Deferasirox 
affects drug-metabolizing enzymes (CYP3A4), possibly af-
fecting the dose of other concurrent medications [33].

The use of intraoperative neuromonitoring including 
SSEPs and MEPs further impacts the anesthetic management 
during PSF [34, 35]. MEPs are more sensitive to the choice of 
anesthetic agents than SSEPs [36-38]. Both inhaled and intra-
venous anesthetic agents depress SSEP and MEP signal attain-
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ment; however, the effect of the inhaled agents was greater at 
equal minimum alveolar concentrations (MACs) [35]. There-
fore, when inhalational anesthetic agents are used, it is gener-
ally recommended to maintain end-tidal concentrations levels 
at or below 0.5 MAC to allow for adequate MEP monitoring. 
Opioid infusions have little to no effect on neuromonitoring. 
As has been noted in our previous work, the use of the vola-
tile anesthetic agent, desflurane, in combination with a potent 
opioid (sufentanil or remifentanil) provides an effective intra-
operative anesthetic while allowing for effective neurophysi-
ological monitoring and providing a rapid emergence at the 
conclusion of the case [39].

Another concern in patients with severe scoliosis related 
to neuromuscular disease is the potential for postoperative 
respiratory failure or insufficiency. The progression and sever-
ity of scoliosis as measured by the Cobb angle correlate with 
its impact on respiratory function. As the degree of curvature 
progresses, scoliosis impedes the movement of the ribs, and 
places the respiratory muscles at a mechanical disadvantage 
with a decrease in the compliance of the chest wall directly 
and the lung indirectly [40]. As the Cobb angle (lateral curva-
ture) progresses to greater than 65°, lung volumes are reduced 
and ventilation/perfusion mismatch can be observed. In severe 
cases (Cobb angle > 100°), pulmonary hypertension and right 
ventricular hypertrophy may develop [40]. Scoliosis surgery 
produces an immediate and transient decrease in vital capacity 
of up to 40% in virtually all patients even those with idiopathic 
scoliosis without co-morbid conditions [41]. These factors 
may result in postoperative respiratory insufficiency or failure 
with the need for prolonged postoperative mechanical ventila-
tion. Patients who have abnormal results on their pulmonary 
function test, particularly a forced vital capacity of less than 
30%, or those who have hypercapnia preoperatively have been 
shown to have a higher need for postoperative ventilation [42]. 
Given these concerns, preoperative optimization of pulmo-
nary function is suggested including the aggressive treatment 
of respiratory infections and instructions regarding the use of 
techniques such as incentive spirometry. Non-invasive tech-
niques of respiratory support such as BiPAP may be used to 
facilitate postoperative tracheal extubation and avoid postop-
erative respiratory insufficiency or failure in patients with pre-
existing pulmonary dysfunction [43, 44].

As corticosteroids are the main stay of therapy in DBA, 
possible adverse effects of such therapy may include hyper-
glycemia, peptic ulcer disease, hypokalemia, myopathy, and 
infections. The incidence of steroid-induced adrenal crisis in 
children is very low, thus routine hydrocortisone supplementa-
tion is generally not necessary prior to short procedures, but 
may be required perioperatively in patients undergoing pro-
longed surgical procedures who have been chronically receiv-
ing supra-physiologic doses of corticosteroids [45].

In summary, we present a case of DBA, a rare ribosomal 
genetic disorder characterized by bone marrow failure with se-
vere macrocytic anemia, congenital cardiac defects, and skele-
tal abnormalities. The bone marrow failure is generally treated 
by the administration of corticosteroids or multiple transfu-
sions when the patient is not responsive to corticosteroids. 
Specific perioperative comorbid concerns include the associ-
ated underlying anemia, the potential for associated congenital 

cardiac disease, long-term corticosteroid use, and the presence 
of facial abnormalities or cleft palate which may lead to prob-
lematic airway management.
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